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AN EXPERIENCE WITH WATER RAM. 


BY CHARLES W. SHERMAN, PRINCIPAL ASSISTANT ENGINEER, 
METCALF & EDDY, CONSULTING ENGINEERS, BOSTON, MASS. 


[Read January 8, 1913.) 


About three years ago the Northeast Harbor Water Company, 
experiencing some difficulty on account of the fluctuations of 
pressure resulting from the operation of a hydraulic elevator in a 
summer hotel, served notice upon the proprietor that he must 
install tanks to supply the elevator instead of taking the water 
directly from the main pipes. The proprietor felt that the demand 
was unreasonable, and demurred, whereupon the company notified 
him that they would cut off his water unless he complied with their 
requirements. Upon this the proprietor brought suit in equity 
to enjoin the company from cutting off his supply of water. The 
case was heard in April, 1910, and the result is briefly stated in 
the following quotation. from the Engineering Record of March 
11, 1911. 


‘Water for elevators has proved a source of so much conten- 
tion between water-works superintendents and consumers that a 
decision by the Maine Supreme Judicial Court in Kimball v. 
Northeast Harbor Water Company, 78 Atl. Rep. 865, deserves 
attention. The company requested the plaintiff to modify his 
hydraulic elevator connection in such a way that the water from , 
an 8-in. street main would first pass into a tank through the 4-in. 
service, instead of directly to the elevator mechanism. The 
company pressed this request, and as an answer to it the plaintiff 
brought a bill in equity to restrain the company from shutting 
off its supply. The Court decided that the use of water for a 
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hydraulic elevator was a domestic use, within the ordinary mean- 
ing of charters to water companies authorizing them to furnish 
supplies for domestic uses. On this ground it ruled that the 
company was obliged to furnish water for a hydraulic elevator, 
if the plaintiff so desired. On the other hand, the Court ruled 
that the company was justified in asking the plaintiff to build 
tanks of sufficient capacity to relieve the street mains from the 
water hammer and other inconveniences caused by operating the 
elevator directly. These troubles are well known to superin- 
tendents, particularly those who have attempted to furnish 
water under rather high pressure for such purposes. The Court 
held that the company’s request was clearly justified and that no 
one could successfully maintain that its obligation as a public 
service corporation to other consumers, as well as a proper regard 
for the protection of its own property, did not warrant its request. 
The Court accordingly refused to grant the injunction, leaving the 
company free to cut off service to the property in question unless 
the owner made some reasonable provision for operating the 
elevator.” 


The writer testified as an expert for the plaintiff, and made some 
tests in preparation for his testimony, the results of which may 
be of interest, as well as the principal figures submitted by the 
Water Company, showing the actual results of the operation of the 
elevator in question. 

The conditions were roughly as follows: The hotel was supplied 
by a 4-in. pipe, 300 or 400 ft. long, leading from an 8-in. main sup- 
ply pipe at a distance of some two or three miles from the pond 
from which the supply is taken. The hydraulic elevator — the 
only one in town — is of an old type and has a total lift of about 
32 ft. The travel of the plunger is about 4 ft., and its diameter 
is 22 in. It was found that the elevator valve was made to open 
or close a series of holes, with the intention of making the opening 
or closing rather slow; and that it was necessary to overhaul 4.5 
ft. of valve rope to open or close the valve, or 9 ft. to reverse the 
elevator. The static pressure at the hotel was about 40 Ib. per 
sq. in., and a relief valve set at 45 lb. had been installed near the 
elevator. 

Nobody seemed to know just how long it took the elevator to 
make a trip, but it was conceded that it could hardly have been 
less than 30 sec. Assuming this to be correct, the 22-in. plunger 
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traveled about 4 ft. (and consequently the displacement was 79 
gal.) in 30 sec., or the flow was 158 gal. per min., corresponding to 
a velocity of less than 3 ft. per sec. in the 4-in. pipe, which is 
certainly not an excessive velocity. If this could have been 
checked instantaneously the resulting water ram would have 
been considerable, but it would obviously have required an ap- 
preciable time to overhaul 4.5 ft. of valve rope to shut off the 
water. 

The data available before the Water Company had presented 
its case were not sufficient to enable the writer to make an estima- 
tion of the increased pressure which might have resulted from the 
operation of the elevator, to which he would care to testify. 
In order to get some information which might serve as an indica- 
tion, an experiment was made, through the courtesy of the superin- 
tendent of the water works at Ellsworth, where the court was in 
session. Here a place was found where there was a 4-in. pipe, 
some 400 ft. long, supplying a locomotive standpipe, where the 
normal pressure was about 68 lb. This branch, like that at North- 
east Harbor, was from an 8-in. main leading from the reservoir 
at a considerable distance. No method was discovered of drawing 
water, or of opening and closing the valve, at the same speed as 
with the elevator, so it was determined to make the test as severe 
as possible. The pressure gage was attached to a house service 
pine about 150 ft. from the locomotive standpipe, and the stand- 
pipe valve was opened wide, as rapidly as possible, left open until 
a condition of steady flow was obtained, and then closed as rapidly 
as possible. The maximum velocity in the 4-in. pipe is estimated 
to have been not less than 10 ft. persec. The time of opening 
the 4-in. valve was 30 sec., and the time of closing was 20 sec. 
The pressure dropped almost immediately upon starting the valve 
from 68 to 28 lb., or to 41 per cent. of the normal; and at the 
instant of closing the pressure gage registered 134 lb., or 202 per 
cent. of the normal. 

This maximum pressure is not great enough to be dangerous to 
any well-constructed pipe system, although the sudden fluctuations 
would doubtless be annoying at times. 

The officers of the Water Company presented gage readings 
showing what the actual fluctuations had been in various. parts of 
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town. The significant figures, as taken down during the testimony, 
are as follows: 


PRESSURES OBSERVED AT VARIOUS PLACES IN NORTHEAST HARBOR 
DURING OPERATION OF HypravLic ELEVATOR. 


POUNDS PER SQUARE INCH. | PER CENT. OF NORMAL. 


| 
| Highest. Lowest. 


Normal. | Highest. | Lowest. 

| | 

56 75 40 | 135 71 
58 60 35 | 104 60 
55 62 32 | 112 58 
32 40 10 || 126 31 
32 50 10s] 156 31 
60 80 40 | 133 67 
58 85 35 || 147 60 
55 75 35 | 136 63 
54 70 25 128 46 
51 70 28 137 55 
30 50 10 167 33 
30 50 ey 167 27 

213 


The foregoing figures show that in general the operation of the 
elevator caused a drop in pressure ranging from 40 per cent. to 
between 60 per cent. and 70 per cent. when the valve was opened, 
and an increase in pressure, or water ram, amounting to from 30: 
per cent. to 50 per cent. of the normal pressure under ordinary 
circumstances, and sometimes running up to about 100 per cent. 
increase in pressure. 

These results confirm in a general way the conclusions reached 
by the writer from the experiment described above, — that the 
pressure might drop about 60 per cent. below normal when the 
valve was opened, and rise to a maximum of about 100 per cent. 
above normal at the moment of closing the valve. These fluctua- 
tions are sufficient to cause annoyance, but, where the normal 
pressures are as low as in the cases cited, should not be dangerous 


to the pipes. 
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None of these results can be applied to conditions differing 
materially from those quoted above, but they may serve to give 
some indication of the extent of the water hammer that may be 
experienced in a small water-works system from the rapid closing 
of valves or fire hydrants. 

The writer must not be misunderstood as in any way favoring 
the operation of hydraulic elevators directly from the street main, 
as a general proposition, as he fully realizes the annoyance, and 
in many cases, the danger, of such conditions. This particular 
case seemed to him one where the danger was slight, whatever 
the annoyance may have been. 


DISCUSSION. 


S. L. Berry, Esq.* (by letter).¢ Reference to Fig. 1 (p. 176), 
constructed from the formule given by Joukowsky, shows that the 
added pressure in the case of a 4-in. pipe, or a cast-iron pipe 0.48 
in. thick, with the water flowing 4 ft. per sec. (for 158 gal. per 
minute) would be 235 lb. per sq. in. for a valve closure within the 
time required for the pressure wave to reach a free surface, of 
large size, and return. In the case of a water-supply system, 
this time would be difficult to predict, but every enlarged section 
reached by the wave would reflect pressure relief in accordance 
with the ratio of its area and physical conditions affecting the 
velocity of propagation of the wave to those conditions in the pipe 
in which the ram originated. As the velocity of propagation is, 
in this case, about 4 370 ft. per sec., the time required for the 
wave to return from the 8-in. main is 0.183 sec., and at this instant 
there would be a partial relief of the ram pressure. If the valve 
is closed in this time the full pressure of 235 Ib. would be felt at 

the valve. 

An interconnected system gives very complicated results as 
far as water hammeris concerned. The primary and most effective 
remedy is in slow operation of valves. Where this cannot be 
controlled, relief valves prevent undue ram pressures but have no 
effect on pressure drop, while air chambers at, or near, the valves 
minimize both conditions. These are, however, uncertain as to 


* San Francisco, Cal. 
t+ Addressed to the Editor of Engineering Record. 
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maintenance of air supply. In general, it may be said that any 
increase in elasticity in the system, at and near the valve, will 
decrease the severity of both variations from normal pressure. 
A central air vessel would tend to prevent extension of the ram to 
the entire system, but would have no effect upon the neighboring 
parts when a valve is suddenly closed. 

The test conditions at the locomotive standpipe, while showing 
what was desired in this case, were such that no conclusions can 
be drawn as to the added pressure in the 4-in. pipe. The diagram 
before mentioned shows this to be, for a velocity of flow of 10 ft.’ 
per sec., 585 lb., for sudden closing within the limits given above. 
On the arrival of the wave at the 8-in. pipe, this would drop to 
about 270 Ib. and would be reflected to the valve, arriving there 
0.183 see. after closing. 

If the 4-in. pipe ran to a reservoir two miles away, the ram for 
a closure in 20 sec. would be about 125 lb., while for the 4-in. and 
8-in. it would be materially less, probably 50 to 60 lb. The 
gage, being on a small pipe and probably near a dead end, would 
show a higher pressure than would exist in the 4-in. pipe. If the 
gage stood at 28 lb. when the closing began, the ram was 106 lb. 
at that point. : 

The whole subject of water hammer is most interesting and 
complicated, and there is a great need for extensive investigation 
and experiment. 

The following is taken from a recent article * by the writer: 

When the valve in a pipe line or the regulating mechanism of a 
water wheel is closed, partly or fully, a decreased velocity and an 
excess pressure result, the amount of which depends upon the 
velocity which has been lost, the degree of compression which the 
water undergoes, and the stretch in the pipe. This increased 
pressure wave starts at the valve, travels up the pipe with a 
velocity equal to that which sound would have under similar 
conditions, and which is dependent upon the same factors which 
control the ram pressure. In fact, the pressure is calculated 
directly from the velocity of the wave. 

In a pipe line having no safety valves or air chambers, and con- 
sisting of pipe of the same diameter and thickness of wall through- 


* Western Engineering, Vol. 1, p. 713. 
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out the entire length, the pressure wave travels to the reservoir, 
where it drops to normal, and a wave of normal pressure travels 
toward the valve at the same velocity. On reaching this point, the 
pressure drops below normal by an amount somewhat less than 
the ram, and a wave of subnormal pressure runs to the reservoir 
and back. In this simple case a gage at the valve, if so made that 
it shows the pressures accurately, would rise to the ram pressure 
and stay there until the wave returned, when it would drop below 
normal for an equal time. The time of each of these cycles is 
found by dividing twice the pipe length by the velocity of the 
wave. 

It is necessary to know this when determining the time within 
which the governor shall close the gates for the reason that it has 
been found that if the gates are closed before the pressure wave 
returns, the ram is as heavy as though they had been closed 
instantaneously. Thus long lines are more difficult to control 
than short ones, and anything which increases the elasticity of the 
line increases the time of the cycle, although it also decreases the’ 
amount of the supernormal pressure. 

With varying diameters and wall thicknesses of pipes, the wave 
velocity and amount of pressure will be different in each section, 
and it is necessary to consider them in conjunction to obtain 
correct results. The pressure conditions at the valve become too 
involved to be followed very far, but it can be stated that in most 
if not all installations the lower section produces the most ram. — 
As this influence extends upward, it is necessary to see that the 
thinner upper walls are not overstrained. If it is found from the 
diagrams that the lower section will be subject to a ram pressure 
of 400 Ib. and the next, if considered by itself, to 300 lb., the re- 
sultant to which the one will fall and the other rise will be found 
between the two. This may be taken at approximately 350 Ib. 
where the diameters do not vary greatly. Similarly, in the third 
section, this pressure of 350 Ib. will increase the pressure which the 
section would have to withstand were it not influenced by condi- 
tions below it. It is seen that high velocities and rigid pipes 
below affect the safety of the lighter portions. 

There will be a successive dropping of the pressure at the valve 
as the influence of the upper sections is felt, but the manner of 
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this dropping and its extent become difficult if not impossible 
to predict when the pipe has several sections of varying diameters 
and wall thicknesses. Where slow-moving regulating parts and 
safety devices are installed, the above conditions will not, of course, 
occur, except when derangement of the machinery eliminates the 
protection. The study of the worst possible conditions is of 
value in order to determine the kind and number of safety devices 
to be installed, and the amount of care in operation necessary 
to see that all are in good working condition. 

The following explanation applies to Figs. 1 and 2. The 
lower row of figures represents the quotient obtained by dividing 
the thickness of pipe wall by the internal diameter. Starting at 
this figure, follow the vertical line to the proper curve for the pipe 
material, then horizontally to the line A-B, showing values of 
wave velocity in feet per second, then along the diagonal to the 
line O-O, horizontally to the diagonal representing the velocity 
of the water and vertically downward to the row of figures marked 
“added pressure.” The result will be the ram pressure produced 
in that particular pipe by closing the gate within the time found 
by dividing twice the pipe length by the “ velocity of wave.” 
Should the gate be only partly closed, take the difference between 
the velocity before and after the movement instead of the total; 
it is the velocity lost which produces the ram. In Fig. 1, the 
dotted curves for cast iron and steel are extensions of the solid 
ones above, and when used, the lower scale must be read as 
though multiplied by 10, “added pressure,” and all other figures 
are unchanged. They apply to pipes having ratios of wall 
thickness to inside diameter ranging from 0.03 to 0.36. 

An inspection of the various curves will show that for a given 
diameter and thickness, steel gives the heaviest ram pressure, 
followed by cast iron, Douglas fir, and redwood. However, as 
cast iron is always used with heavy walls, it will be found in prac- 
tice to exceed steel. Wood stave pipe gives low pressures but 
long periods of vibration. In these no account has been taken of 
the bands, as it is believed that the great difference in the elastic 
conditions will render the effects small. 

Experiments prove that a pressure wave reflected from a dead- 
end becomes doubled in intensity unless some water is flowing 
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from it. With more than one unit taking water from a header, or 
from branches of a main line, simultaneous gate closure, ‘or closure 
at intervals equal to four times the pipe length divided by the 
average velocity of wave, will produce pressures equal to the sum 
of the separate effects, while they will tend to equalize each other 
with movements at intervals equal to twice the pipe length divided 
by the average wave velocity. In the former case, dependence 
upon the safety appliance is much increased, and it becomes 
doubly important that the operator see that these are working 
properly. In all parts of a line, ram pressures should be kept 
low enough to prevent the following wave of subnormal pressure 
from reaching the vacuum limit, for in this case the water column 
will be broken and violent shocks set up, and the pipe be subject 
to a collapsing pressure. 

The diagrams have been calculated for instantaneous closing 
of the gates, but, as stated previously, the pressure at the gate 
will be the same for any time of closing less than that required 
for the wave to make the trip to the reservoir and back. For a 
time of closing greater than this the pressure given should be 
multiplied by the round-trip time and the result divided by the 
closing time. The maximum pressure will reach the top of the 
line only when the gate is closed instantaneously, so there will be an 
advantage in slow closing even within the round-trip time. 

For those who desire to study the derivation of the formule a 
list of references is given, which, while probably not complete, 
is extensive enough to cover the field satisfactorily. The most 
important and extensive work in this direction has been done by 
Joukowsky, who had unusual facilities in an experimental plant 
connected with the Moscow water works. The following are 
given by Church in his ‘‘ Hydraulic Motors,” while values for the 
modulus of elasticity of the various materials have been taken from 
several sources, those for Douglas fir and redwood from Circular 
No. 189, Forest Service, United States Department of Agriculture, 
1912, averaged for green timber. 


Let 


E =bulk modulus of water, 300 000 Ib. per sq. in. 
E’ =modulus of elasticity of the pipe material, 
=30 000 000 Ib. sq. in. for steel, 
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=16 000 000 lb. sq. in. for cast iron for usual pressures, 
= 1 600 000 lb. sq. in. for Douglas fir (Oregon pine), 
= 1,061 000 lb. sq. in. for redwood. 
E,=E as modified by elasticity of pipe walls. 
C =velocity of wave in water, pipe distention not considered. 
C’ =velocity of wave in water, pipe distention considered. 
r =internal radius of pipe in inches. 
g =386.4 in. sec. 
y =0.03604 Ib. cu. in. 
p =excess pressure in lb. per sq. in. 
c =velocity of water (ft. per sec. or) in. per sec. 
t =thickness of pipe wall in inches. 
T =time of closing valve, sec. 
T,=time for round trip of wave to reservoir and back. 
Rq=wall thickness divided by internal diameter. 
When pipe distention is not considered, 


(1) C= =4726 ft. per sec. 


(2) p=c “7 =63.3¢ (ft. per sec.). 


Considering the elasticity of the pipe-walls, 


(3) C'= in which 


= BE and the velocity of the wave. 
(5) C’=103.5 VE2 in in. per sec. and 

(6) C’ =8.625 ft. per sec. 

(7) jn in. sec. units. 


(4) E, 


(8) =0.000093cC’ in. sec. units. 
(9) =0.0134cC’ for c and C’ in ft. per sec. 


(10) When T is greater than 7,, pressure p= 


The following formule have been deduced from the curves of the diagrams 
which were constructed from the above. In the diagrams the ratios of wall 
thickness to internal diameter are given as being more convenient than ratios 
involving the radius. The values of Z, may be found, if desired, as the 
curves are equilateral hyperbolas, with the ratios Ra for abscisse and for 
ordinates the relation z —lreferred to the asymptotes. The constant K in 

2 
the equation 


E 
=K 


| 
| 
. 
4 
4 
be 


DISCUSSION. 181 


varies inversely as the modulus of elasticity of the pipe material and has a 
300 000... 
value of p Siving results as follows: 


K for steel 


From the above: 
(11) 


For example, for steel pipe and Ra =0.008, 


0.01, 2.25 
0.008 


It will be noticed in the formule that the effect of pipe extension is treated 
as producing a virtual modification of the bulk modulus of water. The 
diagonals between the lines A-B and O-O are to permit the use of straight lines 
for water velocity. It follows also, from the formule given above, that the 
velocity of wave in a pipe of any material having a modulus of elasticity EZ’, 


[300 000 . 
E'Ra 


(12) Cte in ft. per sec. 


K 
+1 


By inserting the value of C’ from (12) in (9) and reducing, 


(13) p=c 
Vet! 
Ra 


with c expressed in ft. per sec. and p in Ib. per sq. in. 
From (11) 
K E 63.3 
Rat! therefore p=c 
E; 
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SAVILLE. 


WATER RAM IN DISTRIBUTION SYSTEM, HARTFORD, 
CONN. 


BY CALEB MILLS SAVILLE, CHIEF ENGINEER, HARTFORD WATER 
WORKS. 
{Read January 8, 1913.] 


The subject of Mr. Sherman’s paper is of especial interest to 
me just at this time because the Water Department at Hartford 
also has been having recently some experience with water ram. A 
year ago this month the 30-in. supply main leading from the 
reservoirs to the city broke late in the evening of one of the coldest 
days of the year. One month later a similar misfortune happened 
to the 20-in. supply main in Asylum Street, and this year, only 
about a month ago, an 8-in. pipe in Church Street also broke. 
In casting about to explain these occurrences a very probable 
cause seemed to be the method of operating the standpipes 
for filling locomotives at the Union Station of the New York, 
New Haven & Hartford Railroad. While the break in the 30-in. 
main was located at a point about 1.5 miles distant from the 
Union Station, the Asylum and Church Street breaks were within 
a few hundred feet from the standpipes. As all of these mains 
let go immediately after the locomotive tanks had been filled, 
the occurrence of each break greatly strengthened the suspicion 
of the probable cause. As the result of the investigations, and 
after conference with the railroad people, it is probable that the 
trouble can be obviated in a manner satisfactory to all parties. 

Several ways of handling this matter have suggested themselves: 
(1) By a slower motion valve on the standpipe. This is objected 
to by the railroad people on account of delay to train service. 
(2) The use of a water cushion valve on the standpipe which 
would act similar to the air checks on doors. This device is now 
in operation in various places and when new works very satis- 
factorily. .After constant use, however, the parts wear and if 
repairs are not made.the conditions of ram become as bad as 
before installation. (3) An air pressure tank or chamber may be 
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installed so devised that theoretically at least the shock of the 
quick: closing valve will be mostly taken up by an air cushion. 
Such a device is in operation in several places, but it is understood 
to be not entirely satisfactory. This condition may be due, 
however, to a defect in installation rather than to anything in- 
herent in the system. (4) An elevated and independent tank may 
be used, and this from a water-works standpoint is probably the 
most satisfactory solution of the problem. In this case the water 
may be drawn out.as quickly as desired and the tank refilled by a 
steady stream that will be automatically and gradually cut off as 
the tank is filled. Unfortunately this method of solving the 
problem is not always feasible either on account of esthetic con- 
ditions which forbid an unsightly tank or on account of the cost of 
an architecturally satisfactory structure. 

The diagrams presented are perhaps the best evidence needed 
to show the stress that is put on the pipes when quick motion 
valves are allowed on locomotive standpipes in cases where no 
effort is made to prevent ram. 

Fig. 1 is from a recording pressure gage located on the 8-in. 
lateral directly supplying the standpipe. It is to be noted that 
the extreme vibrations of the pen show a total length representing 
about 120 Ib. per sq. in. 

Fig. 2 is from a recording pressure gage located in the Water 
Department office at City Hall about half a mile from the Union 
Station. This diagram is particularly interesting as showing 
that the water ram impulse is transmitted to considerable distance 
through a distribution system, and with a decidedly appreciable 
force. A few of the principal deflections have been marked here 
and there to identify the same period on these two charts. A 
number of observations during the period of filling the locomotive 
tanks have given the following information, which is believed to be 
fairly representative of the average conditions which obtain. 


Capacity of locomotive tanks (through service)... .6 000 to 7 000 gal. 


Quantity usually drawn (meter réadings)................ 4 230 gal. 
Length of time flow is maintained.................. 2 min. 50 sec. 


+ 
iy 
; 
Size of street main 
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Beside that from locomotive standpipes, another source of water 
ram may be found in the operation of steam fire engines. On 
December 13, at 2.15 a.M., an alarm was rung in for a fire. in the 
building occupied by Smith & Northam on State Street, Hartford. 


TENTED 
EB. 6, 1894 
PER SQUARE 


CHART FROM PRESSURE GAGE ON LINE Supp.Ly1ING LocoMoTIVE STANDPIPE. 


The building was supposed to contain a considerable quantity of 
hay and was located in a district where serious results were ap- 
prehended if the fire was not quickly controlled. Besides other 
apparatus, four steamers responded. Two of them were of the 
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large self-propeller type, capable of delivering 1 200 gal. per min. 
each. The other two were of the ordinary type, one of 900 gal., 
the other of 600 gal., each per minute. Besides the above, the fire 
pumps at the nearby car barns of the Connecticut Company were 


Fig. 2. 


CHART FROM PRESSURE GAGE aT City HALL. 


put in service. The hose line system consisted of the following 
lines: Two 3-in., four 23-in., and three 13-in. lines. The Venturi 
meter on the supply main at the effluent gate house indicated a 
draft for this fire of about 350 000 gal., the rates of draft in excess of 
the ordinary consumption being as follows: 


Whi, 
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| 
Pp Ten — Inter- | Gations per Hour. 


Ten Minute Intervals. Gallons per Hour. 


Ist period 125 000 9th period 110 000 


2d 190 000 10th 130 000 
3d 200 000 11th 140 000 
4th 240 000 12th 100 000 
5th 195000 13th 70 000 
6th 160 000 14th 30 000 
7th 170 000 15th 20 000 


16th 30 000 


Fig. 3 is from the recording pressure gage located in the Water 
Department office about 500 ft. from the location of the fire. 
The gage and the steamer were on the same main. Particular 
attention is called to the frequency of the vibration, which was 
such as to cause the pen to paint a continuous blotch rather than 
to show the individual movements. It is also to be noted that 
the extreme length of vibration corresponds to about 110 lb. pres- 
sure per sq. in. The withdrawal of some of the fire engines is 
well marked, especially at about 3.30 a.m., by the sudden cessation 
of the extreme amplitude of vibration. 

In connection with this diagram it may be of interest to state 
that the city of Hartford has recently passed through a rather 
disturbing period due to low rainfall and the excessive calls that 
have been made on the storage in the reservoirs. In order to take 
every precaution possible to conserve the supply and to put off 
as long as possible the evil day of turning to the Connecticut River 
for an emergency supply, the gates on the supply mains were 
throttled down during the late afternoon and night. The inten- 
tion was to keep the pressure during this period at about the same 
point as it stood during the day hours of maximum consumption. 
A drop in pressure of about 15 lb. per sq. in. was made in this 
manner, and the Venturi meter records indicate a saving of at 
least a quarter of a million gallons per day. By good fortune 
there are two fire engine houses not far from the city line and also 
near the main gates on the supply main. Two men were stationed 
at each of these houses, and on an alarm of fire they open the gates 
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as soon as possible. A number of alarms have come in during 
this period, but at no time has there been any lack of pressure 
when the engines arrived. The ordinary night consumption at 
this season of the year is at a rate of about 4 000 000 gal. per day. 


VARIATION IN PRESSURE CAUSED BY FIRE ENGINES. 


The time of closing the gates appears on the diagram about 3 
p.M., and the effect of opening up on account of other fire alarms 
the same night is shown at 8 p.m., 12.45 a.m. and 2.15 a.m. Ordi- - 
narily the gates are opened each morning at 5.30 A.M. 
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DISCUSSION. 


Mr. G. A. CALDWELL. Has anybody here ever used a reducing 
valve to obviate water hammer, especially in connection with 
filling locomotive engine tanks? 

Mr. Savitue. I haven’t had any. I should like to get some 
information on that subject. 

Mr. Catpwe.tu. I think if you would test that out it would 
help to vou overcome your difficulty. The principle of a regulator 
is that by reducing the size of the opening it increases the 
velocity of the water passing through the smaller opening. When 
you close your valve on the outlet end, you have a back pressure 
which closes off your regulator, and, therefore, you will not get 
the hammer back of the regulator, — that is, I do not think you 
will. At all events, I believe a test along those lines would be 
worth while, and I think the result would be satisfactory and would 
save you some money. 

Mr. Savitte. Iam certainly glad to get the suggestion. 

Mr. F. W. DEan.* It seems to me that using a reducing valve 
would be equivalent to using a slow moving valve, which the 
railroad company in the case mentioned objected to. 

I have experimented on a small scale recently at my house by 
connecting a refined test gage permanently in my bath room to 
the water pipe, and it is very interesting to see how it behaves. 
When the flush valve of the water closet is opened, the pressure 
immediately drops from 73 Ib. to 20 lb. Of course if it went back 
quickly it would make a severe water hammer, but as these flush 
valves close by the rising of a ball float, the action is slow and 
nothing happens. It is interesting to observe how water impulses 
travel apparently all over the town. The hand of this gage is 
never still, but is constantly varying from 1 to 3 lb. 

Undoubtedly the best method of suppplying the service required 
by railroads would be to have a float valve which would deliver 
water into a tank. The locomotive would get the water quickly 
from the: tank, but the float valve would close so slowly that there 
would be no water hammer. 


* Mill Engineer and Architect, Boston, Mass. 
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Mr. JoHN Doyie.* I should like to ask Mr. Saville at what 
elevation above the city proper the break in the 30-in. force 
main of which he spoke occurred? : 

Mr. SavitteE. I think it was an elevation of about 40 or 50 ft. 

Mr. Doyie. Was it anywhere near the reservoir? 

Mr. SavitteE. No; it was five miles from the reservoir. 

Mr. Dorie. We had some trouble in Worcester on a 40-in. 
main, but it was near a regulating valve, and the trouble occurred 
after there had been several large fires. We had, I think, two 
or three breaks on the 40-in. main. Those breaks were caused 
in my opinion by water hammer, as the pipe burst right through 
the center of the bottom in all cases. Through the orders of Mr. . 
Batchelder, the commissioner, we put on three 23-in. Ross relief 
valves and connected them together, and we haven’t had any 
trouble at this point since. It has done away with the hammer. 
I have receritly taken some observations there, have had a gage 
put on at this particular place, and everything is working first 
rate. The last time this 40-in. main broke was nearly a quarter 
of a mile away from where our regulating valves are located, down 
on the main thoroughfare, but the conditions were the same as 
they were at the time of the break up nearer the regulating valves. 
The pipe burst right through the center from bell to spigot. After 
taking the pipe out I noticed that it was comparatively dry at 
the top, two thirds of the upper part of it, showing that the water 
hadn’t reached it for some time. 

Mr. ALLEN Hazen.t This question of railroad supplies is a 
very important one, and one that gives much trouble in many 
works. I have been advising some of my clients not to permit 
direct pipe connections to feed locomotives, but have advised that 
such supplies be furnished only through tanks. This may be an 
expensive method, but it is a sure one. If there is an easier and 
simpler way of performing the service without danger of water 
ram, we should all be glad to know of it. Perhaps the incoming 
administration will take up this subject and see if a standard pro- 
cedure can be adopted, and if it can be, it will add to the many 
good works that the Association already has to its credit. 


* General Foreman, Water Department, Worcester, Mass. 
+ Civil Engineer, New York City. 
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I believe it to be a fact that the tighter the pipe system is made, 
the more water hammer is experienced. Where pipe systems are 
very tight and all the services are metered, and leaks have been 
thoroughly and systematically stopped, it is necessary to be very 
careful about quick closing valves, or anything else tending to 
make water hammer, but in pipe systems that are leaky and where 
the services are not metered, every leak and every service is a 
relief valve, and there is not much water hammer. 

Now water is getting to be better and more valuable, and it is 
worth while to take more care to prevent it from wasting. Pipe 
systems of the future are going to be tight, and the matter of water 
hammer will be even more important than it has been. 

At Des Moines, Ia., where the pipe system is very tight and 
where water hammer had been bothersome, a large steel tank, 
corresponding to a boiler, was connected with the pipes near the 
pumping station, which is quite near to the business center of the 
city, and this tank was kept full or partly full of air by an air 
pump. It was found that this tank steadied the service in a satis- 
factory way. 

It may be that devices of this kind may prove advantageous, 
but in the meantime, quick closing valves are to be discouraged on 
all pipes connected with a system. 

Mr. Cuar.es E. Peirce.* Mr. Chairman, speaking of a steel 
air tank, I would say that one has been installed in the works 
which I represent, and it certainly has helped to relieve the water 
hammer, although it has not been entirely satisfactory. The 
tank is quite a large one, about 10 ft. high by 6 ft. wide. We have 
a pretty high pressure. The highest pressure when the standpipe 
is full is about 150 lb. at sea level. We carry from 130 to 140 lb. 
We have elevators from which we get some trouble. We used | 
to get it at the station on our steam pump more particularly, but 
we have not used the pump during the last year to any great 
extent, as we have installed electric service there. 

Mr. JoHn Doyte. I would suggest that a good way to avoid 
trouble in the down-town district is to put in heavy pipes and do 
first-class work. In my opinion that will obviate any trouble. 
We never have had any trouble in Worcester from the elevators. 


* Superintendent East Providence Water Company, Rumford, R. I. 
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We have something like 300 elevators and carry a direct pressure 
on our high service system. At City Hall we have a pressure of 
140 lb. to the square inch, and we have never had any trouble . 
at all with water hammer on our main system through the city, | 
nor on any of our elevator pipes. 

Mr. F. L. Futter.* The system at Winchendon, Mass., was 
supplied with relief valves when the works were built. I cannot 
give any information as to how they have worked. They were 
installed in 1892. 

Mr. E. 8. Tucker (by letter).¢ Our system is equipped with 
relief valves. We have not paid much attention to them and we 
are not troubled with water hammer. 

Mr. Joun C. Wuitine (by letter).{ There is not a relief valve in 
the Newton system, though at one time we seriously considered 
putting them on two lines from which locomotive standpipes drew 
their supply and from which considerable trouble was experienced 
from water hammer. We found the trouble was caused largely 
by the rapidity with which these standpipe gates were opened 
and closed, and as a very coarse thread was used on the spindle, 
it took comparatively few turns to fully open or close. 


The case was presented to the Railroad Company with request 
that gates having a finer thread be substituted; since installing 
them practically no trouble has been caused by the standpipes. 


* Civil Engineer, Boston, Mass. 
+ Water Commissioner. Winchendon, Mass. 
¢ Water Commissioner, Newton, Mass. 
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DECARBONATION AS A MEANS OF REMOVING THE 
CORROSIVE PROPERTIES OF PUBLIC WATER 
SUPPLIES. 


BY GEORGE C. WHIPPLE, OF HAZEN & WHIPPLE, CONSULTING EN- 
GINEERS, NEW YORK CITY; PROFESSOR OF SANITARY ENGINEER- 
ING IN HARVARD UNIVERSITY. 
[Read March 12, 1913.] 


Almost all natural waters used for public water supply are 
corrosive of the pipes through which they flow and the metal 
structures with which they come in contact. Various causes 
contribute to this corrosive property, but, omitting those of 
minor importance or of significace in special cases only, the three 
primary factors that water-works engineers need to consider are 
carbonic acid, oxygen, and the pipes themselves. 

Thus far the last of these has received most attention. Much 
care has been taken in the choice of metals used, in the quality 
of the metals selected, and in the protective coating employed. 
Many questions as to the relative value of wrought iron and steel, 
the use of protective metals such as tin and zine, the use of asphalt, 
coal tar, cement, and other coatings, have been actively discussed 
by this Association on previous occasions. Comparatively little 
attention has been given to measures for removing the corrosive 
properties of the water itself, that is, for getting rid of the car- 
bonie acid and dissolved oxygen, although both measures have 
been practiced to some extent in different parts of the world. 
Thus, at Coolgardie, in Australia, it has been suggested that the 
oxygen be removed from the water by a vacuum process in order 
to reduce the corrosion in the long steel pipe line. The removal 
of oxygen from hot water by exposure to the air has been suggested 
and used with some success in preventing the corrosion of hot water 
pipes. Carbonic acid is removed from certain ground-waters in Ger- 
many and elsewhere by aération as an incident to the iron removal 
process, while in England it is neutralized by the use of chalk. 

Reduction of the corrosive properties of water by oxygen 
removal is a very difficult matter and could not be applied to a 
public water supply without great expense. It would also be 
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undesirable and need not be considered further. The decarbona- 
tion of water, that.is, the removal or neutralization of the carbonic 
acid gas, is a much simpler matter and one that can be accom- 
plished practically. It is the removal of the corrosive properties 
of water by decarbonation that forms the subject of the present 
paper. The methods discussed are aération and the use of soda 
and lime. The latter is so intimately connected with the hardness 
of water that this important subject may be logically considered 
first. 

Sorrness oF NEw ENGLAND WATERS. 


Most of the water supplies of New England are extremely soft. 
The Massachusetts State Board of Health, in its annual report for 
1909, gave the hardness of 153 surface waters and 90 ground 
waters used for public water supplies in the state. These may be 
grouped as follows: 


TABLE 1. 


Tue HarpNEss OF CERTAIN MASSACHUSETTS WATER SUPPLIES. 
(Mass. State Board of Health, 1909). 


Per Cent. of Supplies where the 
Average Hardness was between 


Number of Supplies where the 
Average Hardness was be- 


tween the Figures Indicated. the Figures Indicated. 
Hardness, 
Parts per Million. 
Surface | Ground Total. Surface | Ground Total. 
Waters. | Waters. Waters. Waters. 
0 to 5 19.6 5.5 
6to 10 40 9 49 26.2 10.1 20.2 
ll to 15 29 10 | 39 19.0 11.0 16.1 
16 to 20 18 15 | 33 18; 16.6 13.6 
21 to 30 19 2:4 39 12.4 22.3 16.1 
31 to 40 9 5.9 12.3 8.2 
41 to 50 2 ni 1.3 12.3 5.3 
5l to 60 3 2.0 5.5 3.3 
61 to 70 2 0.6 0.8 
71 to 80 1 oe 0.6 Ll 0.8 
81 to 90 0 | 0.0 0.0 0.0 
91 to 100 1 t | 2 0.6 Eat 0.8 
101 or over 1 
Total, 
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It will be seen from these figures that half of the surface waters 
are softer than 10 parts per million, and three quarters of them 
are softer than 20 parts per million. In only 5 per cent. of the 
surface supplies does the hardness exceed 50 parts per million. 
The ground water supplies are slightly harder, but they also are, 
on the whole, very soft. Half of them are softer than 25, and 
nearly nine tenths of them are softer than 50 parts per million. 
The hardest waters are found in Berkshire County, in the western 
part of the state, where limestone exists. A few supplies near 
the seacoast are doubtless influenced to some slight extent by the 
sea water. 

The large cities of the state are all supplied with very soft water, 
as the following figures show: 


TABLE 2. 


HARDNESS OF THE WaTER USED BY THE CITIES OF MASSACHUSETTS WHICH 
HAD PopuLATIONS OF MorE THAN 25 000 IN 1910. 


Hardness. Parts 


City. Population. per Million. 
Boston, Metropolitan District, 1 046 630* 12 
Worcester, 145 986 11 
Fall River, 119 295 7 
Lowell, 106 294 19 
Cambridge, 104 839 29 
New Bedford, 96 652 7 
Lynn, 89 336 15 
Springfield, 88 926 12 
Lawrence, 85 892 14 
Holyoke, 57 730 20 
Brockton, 56 878 5 
Haverhill, 44115 18 
Salem, "43 697 20 
Newton, 39 806 28 
Fitchburg, 37 826 5 
Taunton, 34 259 5 
Waltham, 27 834 38 
Gloucester, 24 398 4 


The water supplied to the Metropolitan District of Boston, with 
a population of over a million people, has a hardness that averages 
about 12 parts per million; the supply of Worcester, the next 


*Estimate for 1911. 
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largest city, has a hardness of only 11 parts per million; and Fall 
River, the third city, 7 parts per million. The Lowell water 
supply, taken from driven wells, has a hardness of 19, and the 
Cambridge water supply, with its reservoirs quite near the city, 
shows a hardness of 21 parts per million in its main reservoirs, 
which increases to 29 as it passes through Fresh Pond. 


8 
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Hardness in Parts per Million. 


Fig. 1. 


CLASSIFICATION OF THE PuBLIC WATER SUPPLIES OF MASSACHUSETTS AND 
New YORK, ACCORDING TO HARDNESS. 


For comparison with these figures the hardness of the water 
supplies of some of the largest cities of the country is given in 
Table 3. It will be seen that no large city in the country has a 
water supply that approaches in softness that of the Metropolitan 
District of Boston. The hardness of the water supplies of New 
York State is shown in Table 4. 
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TABLE 4. 


CLASSIFICATION OF THE PuBLIC WATER SUPPLIES OF NEw YorRK STATE 
ACCORDING TO HARDNESS. 


(From analyses published in the Annual Report of the State Department of 
Health for 1910, page 280.) 
Number of Supplies Per Cent. of Sup- 
where Hardness lies where the 
Hardness, Parts was between the ardness was be- 


per Million. . Figures Indi- tween the Fig- 
cated. ures Indicated. 


0 to 
10 to 
20 to 
30 to 
40 to 
50 to 
60 to 
70 to 
80 to 
90 to 100 
100 to 150 
150 to 200 
200 to 250 
250 to 300 
300 to 400 
400 to 500 
500 to 600 
600 to 700 
700 to 800 


Total, 


ADVANTAGES OF Sort WATER. 


Soft waters have a more agreeable feel to the skin when used 
for bathing, and are less likely to cause the hands to chap. They ~ 
do not curdle with soap, and deposits of calcium soaps do not form 
in the pores of the skin. They readily form suds. Soft waters 
have a greater cleansing power both for the skin and for fabrics. 

Hard waters require larger amounts of soap to produce suds, and 
the soap consumption increases quite regularly with the hardness 
of the water. It has been calculated that the increased cost of 
soap used by a community amounts to 10 cents per million gallons 
of water for each part per million of hardness. This is based on a 
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19 6.3 
25 8.2 
21 6.9 
18 5.9 
11 3.6 
20 6.7 
30 9.9 
61 20.2 ee 
22 7.3 
17 64 
5 1.6 
5 16 
4 - 1.3 
4 1.3 
0 0.0 
2 0.7 
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water consumption of 100 gal. per capita daily, and assumes that 
only one gallon per day is completely softened with soap, the cost 
of soap being taken at 5 cents per pound. For example, the 
water of New York City, with a hardness of 35 parts per million, 
imposes on the water consumer a cost of $2.30 per million gallons 
more than the water of Boston, with a hardness of 12 parts per 
million. One of the advantages of the new supply of New York 
City, that is to be derived from the Catskills, will be its lower 
hardness than that of the present Croton supply. 

Hard waters are also objectionable for various industrial uses 
and steam production. Soft waters are said to be more satis- 
factory than hard waters for cooking vegetables, for making tea, 
and other household operations. _ 

These are all matters that are well known to water-works 
engineers, and do not need to be elaborated. 


DISADVANTAGES OF VERY Sorr WATER. 


The disadvantages of very soft waters relate to the effect 
that they have on the pipes through which they are distributed. 
This brings in two very different problems, both of considerable 
importance, namely, lead poisoning, and the red water plague. 


LEAD POISONING. 


Not much has been heard lately in regard to lead poisoning 
caused by public water supplies. In years past it was a serious 
problem in many places, and within ten years the annual reports 
of the Massachusetts State Board of Health contain numerous 
references to the subject, notably in connection with the water 
supplies of Lowell, Milford, Hopedale, Milton, Gilbertsville, 
Norwood, Fairhaven, New Bedford, and Kingston. Three 
important reports are worth noting, namely: 

“ An Investigation of the Action of Water upon Lead, Tin, and 
Zinc, with Special Reference to the Use of Lead Pipes with 
Massachusetts Water Supplies.” By H. W. Clark. (Annual Re- 
port, 1898, page 541.) 

Report of Dr. F. L. Morse on Lead Poisoning. (Annual Report, 
1899, page 31.) 

“ Continuation of an Investigation of the Action of Water upon 
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Metallic or Metal Lined Service Pipes.” By H. W. Clark and 
F. B. Forbes. (Annual Report, 1900, page 487.) 

These investigations showed that the primary active agent in 
causing water to attack lead pipe was dissolved carbonic acid 
gas, dissolved oxygen being an important contributory factor. 
Certain chemical constituents, such as lime, exerted a deterrent 
influence, especially those which tended to cause a protective 
coating to form on the pipe. In no case was a large amount of 
lead found in water that had a hardness of more than 50 parts 
per million, and very seldom when the hardness was more than 
25 parts per million. While it may be fairly said that hard waters 
protect against lead poisoning, it is not fair to infer that soft waters 
necessarily attack lead pipes and cause poisoning, for not all soft 
waters contain large amounts of carbonic acid. Of two waters, 
one hard and one soft, which contain the same amount of dissolved 
carbonic acid, the soft water would probably have the greater 
action on lead pipes. 

Generally speaking, dissolved carbonic acid is higher in ground 
waters than in surface waters, but in swampy or peaty waters 
that are more or less stagnant, where bacterial action is vigorous, 
it may be relatively high. Such waters in New England are apt to 
be soft, hence the soft waters are often associated -with lead 
poisoning. 

In middle England, where many of the cities are supplied from 
so-called ‘“‘ moorland ” sources, there were repeated recurrences of 
lead poisoning, and at one time the issue was a vital one. Some 
of the most valuable writings on the subject date from that time, 
and lead poisoning is given prominence in most English text- 
books on water supplies. 

It is interesting to note that the problem of lead poisoning has 
been solved in two different ways, —in New England by aban- 
doning the use of lead, and in England by removing the carbonic 
acid from the water. 


ABANDONMENT OF LEAD Pipe IN MASSACHUSETTS. 


Early in the history of American water supplies, when the use of 
hot water became general, practice set against the use of lead 
pipe for carrying hot water, brass being substituted. 
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The State Board of Health of Massachusetts has consistently 
advised against the use of lead pipe for house service connections 
in places where the water was found to act on this metal, and has 
recommended cement-lined pipe or tin-lined lead pipe having a 
thick layer of tin. Wrought-iron and steel pipes, generally galvan- 
ized, have been also used, but waters that will corrode lead will 
also cause these pipes to rust. 

The annual report of the Massachusetts State Board of Health 
for 1905 (page 197) gave a list of the materials used for service 
pipes in the cities of the state, and from the data there given the 
following table has been made, the different water supplies being 
classified according to hardness from data given elsewhere in the 
report: 


TABLE 5. 


Service Pires Usep MassacHUsETTsS CITIES CLASSIFIED ACCORDING TO 
THE HARDNESS OF THE WATER. 


(Compiled for the Annual Report of the Massachusetts State Board of 
Health, 1905, page 197.) 


NumBer oF Cities Ustnc THE Service Pipes INDICATED. 


Hardness, Parts Lead or Lead- Tin-Lined Cement-Lined Galvanised Iron 
per Million. Lined Pipes. Pipes. Pipes. (or Steel) Pipes. Total. 


Surface Water Supplies. 


9 2 14. 
9 0 3 
0 1 


Ground Water Supplies. 


Oto 10 
ll to 20 
21 to 50 
51 to 100 


i 

Oto 10 19 40 

a 1l to 20 9 21 
fale 21 to 100 10 11 
s&s 1 0 5 1 7 
2 2 7 5 16 
4 1 10 14 29 

ac 0 0 1 5 6° 

130 
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TABLE 5.— Continued. 


Per Cent. or Cities Usuya CHIEFLY THE SERVICE Pipes INDICATED. 


Hardness, Parts Lead or Lead- Tin-Lined Cement-Lined Galvanized Iron 
per Million. Lined Pipes. Pipes. Pipes. (or Steel) ton Total. 


Surface Waters. 


Oto 10 20 5 32 43 109 
11 to 20 43 0 14 43 100 
21 to 100 0 0 9 91 100 
Ground Water 

Oto 10 14 0 72 14 100 
11 to 20 12 12 44 32 100 
21 to 50 14 3 35 48 100 
51 to 100 0 0 16 84 100 


It will be seen that the use of galvanized iron and steel pipe is 
favored for hard waters. This is natural, as hard waters do not. 
cause iron to rust as soft waters do, and where usable, iron or 
steel are preferred on account of cheapness. 

Lead pipe is used in 18 cities where soft surface waters are used 
(hardness less than 20 parts per million), but 47 cities use some- 
thing else. Three cities supplied with soft ground water (hardness. 
less than 20 parts per million) use lead service pipes, but 20 cities. 
use something else. In round numbers, less than one quarter of 
the cities supplied with soft water are provided chiefly with lead 
services. 

Tin-lined pipe and cement-lined pipe are used chiefly in the 
cities supplied with soft water. This is emphatically true of 
cities supplied with surface waters. Cement-lined pipe is also 
much used in cities supplied with moderately hard water, doubt- 
less because the waters contain considerable carbonic acid. 

Thus experience has taught the water-works superintendent. 
to avoid the use of lead, iron, and steel for soft water because of 
corrosion, to use iron or steel for waters that are quite hard for 
reasons of economy, and to use cement-lined or tin-lined pipe 
for soft waters and waters of moderate hardness that contain 
carbonic acid. The theory of corrosion would have led to the 
same choice. 


| 
| 
: 
| 
eer 
| 
| 
| 
| 
| 
4 
| 
q 


WHIPPLE. 


WaTER HARDENING IN ENGLAND. 


For many years the practice of hardening the very soft water 
supplies of middle England has been common. This is done by 
adding powdered chalk, or calcium carbonate, which unites with 
the dissolved free carbonic acid to form calcium bicarbonate, 
which is soluble. 

At Sheffield, where an investigation of the prevalence of lead 
poisoning was made, it was recommended: 


“That by way of practical experiment, a small but sufficient 
quantity of chalk in a minute state of division, which would not 
prejudicially affect the water for domestic or manufacturing pur- 
poses, be added to the water before its distribution to the town.” 


At a later date, after the method had been tried, it was recom- 
mended: 


“That this process for treating the water with carbonate of 
lime in the form of chalk, or such modification as experience may 
show to be an improvement, be permanently continued, and that 
such apparatus be provided and fitted up as will permit the addi- 
tion of the material to the water in an automatic manner which 
should be regular and continuous.” 


The process has been carried on as follows: * 


“‘ A measured quantity of levigated chalk, known commercially 
as Paris white, is placed twice a day in a small tank, oblong in 
plan and triangular in elevation, filled with water. A small 
revolving fan keeps the milky mixture continuously stirred, while 
a series of dredger buckets, on a chain revolving through the 
liquid, empties it in small constant quantities into a tank, where 
it is kept in motion by rotating plates. It is further diluted by a 
constant stream of water and discharged through a pipe below the 
gage basin into the main supply. The whole of the machinery 
is worked by a small, triple-ram water motor, the water from 
which is discharged into the gage basin. The weight of chalk 
is so regulated as to add a definite quantity varying from about 15 
to 30 parts per million, according to the state of the water and its 
capacity for dissolving the carbonate of lime. The process is 
applied to the whole supply. The cost is about 52 cents per 
million gallons. No complaints of plumbo-solvent action have 
been received since its adoption.” 

-* Notes on the Sheffield Water Supply. By L. S. M. Marsh. Proc. Inst. C. E., Vol. 
CLXXXI, Session 1909-10. 
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This method, first used in Sheffield, has been adopted in other 


places. 

At Birmingham, where the water supply, taken from the Elan 
and Claerwen rivers in Wales, has a slight action on lead, Dr. 
Percy Frankland, F.R.S., recommended the addition of chalk 
to the water of the aqueduct after filtration. The works for 
carrying out this recommendation were designed and carried out 
by Mr. McCaulay,* as follows: 


“ A chalk-store, holding about 200 tons of chalk in bags, was 
erected near the west end of the filter beds, and from it chalk is 
carried by overhead conveyors along the filter beds to the chalking- 

house at their east end. There it is lifted into a hopper on the 

upper floor, which has a capacity sufficient for three or four days’ 
chalking. From this hopper it is carried over a weighing machine 
to shutes above the four mixers already installed, two being at 
present in use at a time. These mixers are of the same design as 
those used at Sheffield except that they are without the second 
mixing tank.” 


The annual reports of Dr. J. F. Liversiege, the public analyst 
of the city, for the years 1905 to 1907, state that the addition of 


the chalk raises the hardness about 10 parts per million, the amount 
used being a little less than one grain per gallon. The hardness 
of the water as delivered to the city varies from 25 to 35 parts per 
million. 

In 1905 Dr. Raymond Ross, of Burnlay, informed the author 
that chalk was added to the supply of that city to neutralize the 
effects of the humic acid. The hardness of the water was about 
20 parts per million. 


THEORETICAL CONSIDERATIONS. 


There are several forms in which lime and carbonic acid may 
be present in water and in the air, and to avoid misunderstanding, 
these are briefly described. 

1. Quick lime, known chemically as calcium oxide, or CaO. 
Placed in water, it immediately combines with it. 

2. Water-slaked lime, or calcium hydrate, CaO.He, or CaO. H20. 
This is soluble in water to the extent of 1400 parts per million 

* Proc. Inst. C. E., Vol. CLXXXI, p. 8. 
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(in terms of CaO) at 0° C.; 1330 at 10°; 1250 at 20°; 1 200 at 
25°; 1 160 at 30°; 970 at 50°; and 580 at 100° C. 

3. Calcium carbonate, or chalk or marble, known chemically 
as the normal carbonate, or CaCOs, or CaO. CO2. It is produced 
by the combination of CO, and CaO. Air slaked lime is partly 
this compound, as the CO: of the air unites with some of the CaO. 
The normal calcium carbonate is only slightly soluble in water, its 
solubility being only about 12 parts per million. The CO; in this 
combination is said to be “ full bound.” 

4. Calcium bicarbonate, or CaCO 3. HeCOs;, the ordinary form 
found in water. It is very soluble. It is also easily decomposed. 
The CO: can be driven off by heat, leaving the normal carbonate 
which will precipitate if present in amounts larger than about 13 
parts per million.* Certain alge can seize the CO, from the 
bicarbonate form and leave CaCO;, which will precipitate. In 
this way certain marls are formed at the bottom of ponds. The 
CO, in this form is said to be “ half-bound.” 

5. Carbonic acid is a gas and will dissolve readily in water. 
The amount that will remain in solution depends upon the partial 
pressure of CO. in the atmosphere over the water. (See Table 6.) 
In the open air this partial pressure is low, and water exposed to the 
open air in drops seldom contains more than 1 or 2 parts pei 
million of free CO... The air in dug wells often contains a good 
deal of carbonic acid, so that ground waters often hold very large 
amounts of this gas. Animal organisms exhale it and bacteria 
produce it from organic matter, so that stagnant or polluted 
surface waters may contain relatively large amounts. 

Carbonic acid has a natural affinity for calcium carbonate 
and in water will combine with it to form the soluble bicarbonate. 
In fact, waters become hard only as this action takes place, both 
limestone and the dissolved gas being necessary. 

But carbonic acid has a stronger affinity for calcium oxide than 
for calcium carbonate, so that if the oxide or hydrate is added to 
water that contains calcium bicarbonate it will seize the extra mole- 
cule of carbonic acid, and the normal carbonate will be formed by 


* The Solubility of Calcium Carbonate and of Magnesium Hydroxide and the Precipitation 
of these Salts with Lime Water. By G. C. Whipple and Andrew J. Mayer. Journal of 
Infectious Diseases, Supplement No. 2, February, 1906, p. 151. 
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the combination, leaving another molecule of normal carbonate 
unattached to COs, so that a double precipitation will occur. 
This is the basis of the well-known Clark process of water softening. 

The English method of adding chalk to water neutralizes the 
free CO. and yields CaCO 3. which remains in solution. 


TABLE 6. 


SoLuBiLity or CaRBONIC ACID IN WATER. 


(Compiled from Sutton’s Volumetric Analysis and Fox’s paper in the 
Transactions of the Faraday Society, September, 1909.) 


Parts per Million for Stated Partial Pressures of COz in the 
CC. per Liter.* Atmosphere. 
Temperature, | ] part per 
Centigrade. 10 000. 
1 part per 4 parts per 6 parts per 8 parts per 
10 000. 10 000. 10 000. 10 000. 
0 1713 34 1.4 2.0 2.8 
4 1473 .29 1.2 1.7 2.4 
8 1283 .26 1.0 1.5 2.0 
12 22 9 1.3 1.8 
16 .0987 19 8 1.2 1.6 
20 .0877 17 yf 1.0 2.0 
24 .0780 15 6 9 1.8 
28 .0780 15 6 9 1.8 


Substantially the same result would be reached by adding lime, 
but chalk in England occurs as a natural deposit and is cheaper 
than lime. In New England, lime would be naturally used instead 
of chalk for reasons of economy. : 

There would be this difference, however, that if an excess of 
lime were used, the Clark reaction would occur, that is, the end 
produced would be not all bicarbonate, but partly normal carbon- 
ate, and if this amounted to more than 13 parts per million, 
a precipitation of sludge might occur and cause trouble, just as 
it does in St. Louis and Columbus and elsewhere where water is 
softened. In what follows it is assumed that the addition of lime 
is only sufficient to combine with the carbonic acid present and 
not enough to attack the bicarbonates. 

*1 ec. of COz at 0° C. and 760 mm. weighs 1.96663 mg. 
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ADVANTAGES AND DISADVANTAGES OF LIME TREATMENT. 


The question has arisen in the minds of some as to whether it 
would not be of advantage to follow the English practice and 
neutralize the humic acid and the free carbonic acid of the very 
soft waters of New England. To do so would slightly increase 
the hardness but would prevent danger from lead poisoning, and 
would make it possible to use pipes of wrought iron or steel in 
places where the more expensive tin-lined or cement-lined pipes 


‘are now employed. This question is not as simple as it might 


appear at first thought. It involves a considerati_n of the entire 
réle played by carbonic acid in natural waters. 

The advantages of the application of lime in this way would be: 

1. To prevent the danger of lead poisoning. 

Theoretically, this result should be obtained, and the practical 
experience in England is that no trouble of this character has 
occurred since the application of chalk was begun. 

2. To prevent corrosion and tuberculation in water mains. 

With cast-iron pipes this may not be an important matter, 
but with steel pipes it may be important according to the amount 
of carbonic acid in the water and the effectiveness of the coating 
used on the pipes. 

3. To permit the use of galvanized wrought-iron and steel 
service pipes under conditions where it now seems necessary to 
use more expensive pipes. 

This would result in a saving that would partially offset the 
cost of the addition of the lime. ; 

4. To prevent the red water plague. 

There seems to be no doubt but that troubles with rusty hot 
water are less with hard waters than with soft waters and are 
greater in proportion to the carbonic acid present. The greatest 
troubles are found in very soft waters, and especially in soft waters 
that have been treated with alum and left with a very low car- 
bonate hardness and a considerable amount of carbonic acid. 
The addition of lime in amounts sufficient to neutralize the car- 
bonic acid normally found would at the same time slightly increase 
the hardness, and the combined result would be a very material 
reduction of rusty water troubles. 
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5. To lessen the need for the use of brass pipe in hot water 
systems. 

Brass pipe is better for hot-water piping ‘dine wrought-iron or 
steel. It costs but little more, as smaller sizes can be used. The 
reason for this is that brass pipe is smoother and the friction is 
less, while, moreover, it does not become filled with rust. Yet in 
cheap building construction steel pipes are likely to be used to some 
extent in any event, and if the corrosive properties of the water 
were reduced, there would be less objection to the use of this metal. 
Thus the people who live in the poorer houses would be supplied 
with cleaner hot water. 

6. To lessen the corrosion of boiler tubes and feed water heaters. 

7. And in general to prolong the life of plumbing fixtures. 

The possible disadvantages that might result from this treat- 
ment are: 

1. The slightly increased cost of the water served. Just how 
_ much this would be, it is difficult to say. In England it is said 
to have cost between 50 and 60 cents per million gallons for the 
chalk process, but in this country the cost of adding lime would 
be greater, according to the facilities for applying the lime at 
places inconvenient of access, and whether laborers doing other 
work could attend to its application. 

2. The slightly increased cost of soap by the water consumers. 

This probably would not amount to more than five cents per 
capita per year. 

3. The disadvantage of using a slightly harder water in the 
household. 

This would not be a serious matter, but it is one worth careful 
consideration. Waters that have a hardness less than 20 parts 
per million do not “ curdle ” with soap. 

4. Formation of more scale in boilers. 

This would tend to offset the advantages from the lessened 
danger of corrosion by carbonic acid. 

To these might be added certain objections of doubtful i impor- 
tance. 

5. A slight increase in the color of surface waters stained with 
vegetable matter. 

This would vary with the water and with the season, but the in- 
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crease would probably not be more than 10 per cent., and it might 
be less or even nil. 

6. A slight deposition of calcium carbonate in the pipe if too 
much lime were used. 

This would depend largely upon the amount present and the 
presence of organic matter. 

7. Effect on the health of water consumers. 

There is no reason to think that an increase of hardness from 
10 to 20 parts per million would be in any way injurious to the 
water drinker. No element would be added to the water that is 
not already there. Calcium is a necessary element for human life. 
The hygienic advantages and disadvantages of hard and soft waters 
are still being discussed by physiologists with no signs of agreement. 
German specialists claim that the presence of lime in water im- 
proves the physique, makes stronger bones, and better teeth. On 
the other hand, specialists in urinary diseases believe that a hard 
water tends to the frequency of occurrence of calculi and other 
troubles of the bladder and kidneys. It is a difficult problem to 
solve for the reason that even in hard water regions the quantity 
of calcium taken into the system through the water is very small 
when compared with the amount present in food. The chemical 
combination in which it enters the bady is, however, different. 
The scientific evidence at present must be regarded as inclusive, 
but experience appears to indicate that the hardness of. water 
within the limits mentioned is a negligible hygienic factor. This 
subject is one that needs careful study, for our present ignorance 
is to be regretted. ; 

These arguments will doutless be given different weight by 
different individuals. In the writer’s opinion, it is by no means 
sure that decarbonation by the use of lime would be desirable, 
but in his opinion the method is well worth trying on a practical 
scale, and it would have to be tried on a practical scale and con- 
tinued for a few years in order to determine its merits. It is a 
matter that cannot be decided on the basis of laboratory tests. 
This is the primary ‘reason for bringing the subject before this 
Association. 


: 
: 
: 
? 


DECARBONATION OF WATER. 


QUANTITY OF LimE REQUIRED. 


The determination of free carbonic acid is not ordinarily made 
as a part of water analysis. H. W. Parker and the author * 
studied this subject in 1901 and collected data for various surface 
and ground waters under different conditions, from which it ap- 
peared that the following quantities of dissolved carbonic acid 
are likely to be found in New England: 


Parts per Million. 

Rain water in country districts, 2 to 4 
Rain water in cities, 5 to 20 
Surface water supplies, at tap, 2to5 
Surface water supplies, surface of reservoirs, 2 to 5 
Surface water supplies, stagnant strata near bottom, - 5 to 25 
Surface water supplies, with heavy alge growths, OF 
Streams from swamps, ~ 5 to 15 
Polluted streams, 5 to 15 
Ground waters, driven wells, 2 to 40 
Dug wells, well ventilated, 5 to 20 
Dug wells, badly ventilated, 20 to 50 


The most elaborate discussion of the occurrences of carbonic 
acid in lake waters is that of Birge and Juday.ft 

The amounts of carbonic acid in most of the surface water sup- 
plies of Massachusetts as delivered probably do not regularly 
exceed 5 parts per million, though at times they may be somewhat 
higher. In ground waters, larger amounts are found. To 
neutralize one part per million of carbonic acid with lime increases 
the hardness 1.14 parts per million. This is the theoretical 
amount. Actually, the increase would be more, as commercial 
lime is never pure CaO. Some of it is sure to be air slaked when 
used, so that the figures given would have to be increased by 
indeterminate amounts up to 50 per cent. perhaps. Hence to 
neutralize the carbonic acid in ordinary surface water would 
theoretically increase the hardness by 3 to 6 parts per million, 
and in some cases by a slightly larger amount. In the case of 


* On the Amount of Oxygen and Carbonic Acid in Natural Waters. By George C. Whipple 
and Horatio N. Parker. Transactions American Microscopical Society, Vol. XXIII, p. 103. 

+ Results may be negative, showing that COz has been taken from the bicarbonates. 

t The Dissolved Gases of the Water and Their Biological Significance. Bulletin XXII, 
Wisconsin Geological and Natural History Survey, 1911. 
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swampy waters, the increased hardness might be as much as 12 or 
15 parts per million, and in ground waters, 25 parts per million or 
even more. Waters that contain more than 5 parts per million 
of carbonic acid may be considered as offering special problems, 
of which mention is made later. 


TABLE 7. 


INCREASE IN HarpNEss RESULTING FROM NEUTRALIZATION OF DIFFERENT 
THEORETICAL AMOUNTS OF CaRBONIC ACID. 


Free Carbonic Acid, Increased Hardness, Quantity of CaO Required, 
Parts per Million. Parts per Million. Pounds per Million Gallons. 


5.3 
10.6 
15.9 
21.2 
26.5 
31.8 
37.1 
42.4 
47.7 
53.0 
79.5 

106.0 
133.0 
159.0 
186.0 
45.5 212.0 


Let us first consider the soft waters where the hardness is less 
than 10 parts per million and the carbonic acid about 5 parts per 
million. To neutralize this CO. would increase the hardness of 
the water about 6 parts per million. This would increase the 
amount of soap required to produce a lather by only 32 per cent., 
as may be seen by Table 8, upon which the determination of 
hardness by the soap method is based. Even distilled water re- 
quires a certain amount of soap to produce a lather. On the basis 
of calculation made by the writer (‘‘ Value of Pure Water,” page 
24) the cost of the extra soap involved by this slight hardening of 
the water would be 60 cents per million gallons, plus an additional 
allowance for air slaking of the lime. 
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TABLE 8. 


Vo.uMEs OF Soap SOLUTION REQUIRED TO PrRopUcE A LATHER IN WATERS 
OF DIFFERENT HarDNESs. 


(Committee Report on Standard Methods of Water Analysis, first edition, 


page 56.) 
| Ratios of Quantities of Soap Solution Required Compared to 
that Required for Water of Stated Hardness. 
Hardness, Soap 
Parts per Solution 
Million. Required. Hd=0. Hd=10. Hd=20. Hd=30. 
0 0.70 1.00 0.53 0.34 0.25 
5 1.02 1.46 0.77 0.50 0.36 
10 1.33 1.92 1.00 0.65 0.48 
15 1.67 2.40 1.25 0.82 0.60 
20 2.04 2.82 1.53 1.00 0.73. 
25 2.43 3.47 1.83 1.19 0.82 
30 2.80 4.00 2.26 1.38 1.00 
35 3.18 4.55 2.39 1.56 1.14 


The amount of lime required would be 5.3 pounds of CaO per 
million gallons for each part per million of CO... A water that 
contained 5 parts per million of CO, would, therefore, require 
26.5 pounds of CaO per million gallons, or 31.2 pounds of com- 
mercial lime containing 85 per cent. available CaO. Lime con- 
taining relatively small amounts of magnesium would be needed 
in order not to increase this troublesome element in the water. 

To apply the lime as a clear solution would require about 100 
gallons of water for each pound of lime, and it would be necessary 
to have solution tanks in duplicate as well as mixing tanks and 
stirring devices. This would require daily attendance and would 
be somewhat troublesome in various ways. A better method 
would be to apply the lime, after water-slaking, by means of a.dry 
feed apparatus. .This method has recently come into successful 
use in mechanical filter plants. Alum is fed in this way at the 
filter at Springfield, Mass., and slaked lime is being fed by a dry 
feed apparatus at Portsmouth, Va. The dry feed is also used in 
St. Louis. In the quantity used the lime would readily combine 
with the CO: of the water if the dry feed were discharged directly 
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into the water to be treated. It would thus be possible to place an 
electrically operated dry feed apparatus in the gatehouse from 
which the main leads to the distribution system, and after charging 
the hopper leave the apparatus to feed automatically with very 
little care. 


APPLICATION OF LIME BEFORE STORAGE. 


A possible advantage of the lime treatment not mentioned 
above might be a tendency to check the growth of alge in distri- 
bution reservoirs. Algze and plants contain chlorophyll. Their 
growth demands sunlight and also carbonic acid. The elimina- 
tion of carbonic acid would tend to prevent their multiplication. 
Carbonic acid is absorbed from the air by water exposed to it, 
up to its limit of solubility for the partial pressure of the CO: in 
the air. But carbonic acid is also produced by animal organisms 
and by the bacterial decomposition of organic matter. So that 
if the water that enters a reservoir were free from COk, it is not 
at all certain that it would remain so. It surely would not remain 
so for a long period. Yet it is quite possible that in distribution 
reservoirs, where the storage period is short, the elimination of 
the CO, from the entering water would act as a positive check 
to the growth of alge and thus tend to reduce the odors that result 
from their growth. On the other hand, certain alge have the 
power of taking their needed CO, from the bicarbonates. These 
species might be able to grow in spite of the lime treatment. 

In large reservoirs where the storage is longer, the benefits of 
liming before storage would be less and such a preliminary applica- 
tion might be a mere waste, increasing the hardness without benefit. 

In reservoirs where alge at times develop to such an extent that 
there is a natural disappearance of the CO, and inroads made on 
the CO, of the bicarbonates, it would be unnecessary to apply lime. 


Lime TREATMENT FOR FILTERED WATERS WHERE ALUM Is USED. 


When alum is used to produce coagulation, as in mechanical 
filtration, a by-product of the reaction of the sulphate of alumina 
on the dissolved calcium bicarbonate is carbonic acid gas, which 
remains in solution in the water in a condition of supersaturation 
until the water is exposed to the air. The amount of CO, added 
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to the water is 6.8 parts per million for each grain per gallon of 
alum added, or 4.8 parts per million for each 100 pounds of alum 
per million gallons of water, This is a very substantial increase 
and is the principal cause of the increase in corrosiveness of 
mechanically filtered water, although in the case of very soft 
water it is probably not the only cause. Although this produc- 
tion of carbonic acid has been known since the early days of the 
use of alum in connection with mechanical filtration, it has not. 
been considered as a matter of sufficient importance to need 
correction, and as a result many unfortunate cases of the red 
water plague have occurred. Lately the matter has been taken 
more seriously, and steps have been taken to neutralize the 
carbonic acid by the use of lime or soda. Alum coagulated waters 
thus form a special case, and a very important case, of the general 
subject under discussion. 


or Sopa AsH. 


Sodium carbonate, Na,CO;, known commercially as soda ash, 
might be and sometimes is used instead of lime to neutralize the 


dissolved carbonic acid. Soda is commonly used in mechanical 
filtration when the alkalinity of the raw water is not sufficient 
to decompose the alum added. Its use possesses some advantages 
over lime when both are applied as a solution, for soda is more 
readily soluble than lime and it does not increase the hardness 
of the water. With sodium carbonate a larger quantity of the 
chemical would be required than with lime. This, together with 
the fact that its cost per pound is greater, makes it more expen- 
sive to use. With the dry feed apparatus in use the principal 
advantage of soda over lime vanishes, so that in comparing the 
two the greater cost of soda must be compared with its advantage 
of not hardening the water. So far as neutralization of carbonic 
acid is concerned, either chemical is probably _ satisfactory. 
Whether or not soda is better than lime for use in supplying defi- 
cient alkalinity in the case of alum-treated waters has not yet been 
settled by chemists. There are some who think that the use of 
lime gives a better coagulation of the alum and a greater certainty 
that all of the aluminum sulphate will be changed to hydrate and 
precipitated, whereas with soda there is a greater possibility of 
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the formation of basic sulphates of alumina or aluminates, that 
might go through the filter and afterwards prove troublesome in 
the distributing pipes, and especially in hot water systems. 

Aside from the question of cost, there seems to be no reason why 
soda might not be used for neutralizing the carbonic acid of 
natural waters. Indeed, some waters in nature are found to con- 
tain sodium carbonate. Thus in the eastern part of New York 
state many of the well waters have an alkalinity greater than the 
total hardness of the water. 

Use of Caustic Soda. Chemically, caustic soda, NaOH, would 
be better than NazCOs, but practically it would prove a trouble- 
some substance to apply. 


DECARBONATION OF WATERS BY ARATION. 


When the amount of dissolved free carbonic acid in water 
exceeds 5 parts per million, its neutralization with lime would be 
expensive and would increase the hardness of the water by a 
considerable amount, but when large amounts are present it is 
possible to greatly reduce them by exposing the water to the air, 


that is, by aération. 

- The quantity of CO; held in solution by water depends upon the 
amount present in the air and the opportunity that the water has 
of coming in contact with the air. Table 6 shows the solubility 
of this gas at different temperatures and for different partial 
pressures of the CO, in the atmospheres. The amounts commonly 
present in waters are in excess of saturation, so that if the water 
be exposed to the air in thin films a natural reduction of the 
dissolved CO, will occur. 

In 1907 some experiments were made at the Brooklyn Poly- 
technic Institute by Melville C. Whipple and the author, assisted 
by Charles F. Breitzke, to ascertain the rate at which water would 
give up its dissolved carbonic acid on exposure to the air. A 
series of experiments was made by exposing water which con- 
tained 30 parts per million of CO: to the air in seven receptacles 
that differed in capacity and in the ratio of the exposed surface to 
the volume of the water. The depth of the water in these various 
receptacles varied from 0.2 to 100 centimeters. The experiment 
was made in a well-ventilated room where the atmosphere was 
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not greatly different from that out of doors, and the temperature 
did not rise above 20° or fall below 18°C. After different periods 
of time samples of water were withdrawn and determinations of 
carbonic acid made. The following figures give the approximate 
times required for the carbonic acid to fall from 30 to about 5 
parts per million in the different receptacles: 


Depth in 
No. Centimeters. Time. 
1 0.2 30 minutes. 
2 0.7 hours. 
3 1.0 7 hours. 
4 2.0 10 hours. 
5 4.5 1 day. 
6 25.0 7 days. 


The various results were plotted and analyzed mathematically, 
and from a study of them the following generalization was drawn: 
TABLE 9. 


TaBLE SHow1inG Amounts OF CarBONIC AcID REMAINING IN WATER OF 
DirFERENT DepTHs AFTER STANDING FOR DIFFERENT PERIODS 


oF TIME. 
Carbonic Acid in Parts per Million. 
Depth in Feet. 
Time of Exposure. 01 1 10. 
0 30 30 30 30 
10 minutes, 26 
20 minutes, 23 
30 minutes, 21 
40 minutes, 19 
50 minutes, 17 
1 hour, 15 25 
2 hours, 7 23 ae es 
3 hours, AF 20 
4 hours, ne 18 
5 hours, a7, 
6 hours, i 15 25 
12 hours, 6 22 
1 day, 18 26 
2 days, 1l 24 
3 days, 5 22 
_4 days, 20 
5 days, 18 
6 days, 17 
1 week, 16 


2: weeks, ats 8 
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A second series of experiments was made by allowing water 
containing different amounts of carbonic acid to fall through the 
air in drops. This was done in the corridor of the Brooklyn 
Polytechnic Institute, in a well-ventilated atmosphere, the tem- 
perature being within the limits of 18° and 20° C., as before. The 
water was allowed to flow from an orifice 6 millimeters in diameter 
for different distances through the air. These distances were 
1, 4, 9, 16, 5, 36, 49, and 64 ft., which correspond to quarter- 
second divisions of time from a quarter of a second to two 
seconds. 

It was found that the stream from the orifice began to break into 
drops after 0.18 second. At first the drops remained rather close 
together, but after a fall of one minute the individual drops spread 
over a circle about 9- in. in diameter, and after two minutes the 
diameter of this circle had increased to about five feet. Some 
experiments on the drops showed that the surface of the water 
exposed to the air was about 12000 square centimeters for one 
liter of water. The falling water was caught after the given periods 
of time and determinations of carbonic acid immediately made. 
The results were then plotted on logarithmic cross-section paper, 
with the times as abscisse and the amount of carbonic acid as 
ordinates, and it was found that the points fell on straight lines, as 
theoretically they should do. Some mathematical analyses were 
made of these results, and from them Table 10 was prepared, 
showing the reduction of the carbonic acid in the air obtained 
by allowing the water to fall through the air in ein for different 
periods of time. 

Various series of experiments were made at different tempera- 
tures, which showed that, generally speaking, the loss of carbonic 
acid from water exposed to the air in drops would be 50 per cent. 
more in summer than in winter. Experiments also showed that 
the loss of carbonic acid depended upon the time of exposure 
rather than upon the distance through which the drops fell. 

No great degree of scientific accuracy is claimed for these experi- 
ments, and the results would have been slightly different if the 
experiments had been made out of doors, but they showed in 
a general way that ‘falling drops of water supersaturated with 
CO, require about fifteen seconds to discharge this excess CO2 
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TABLE 10. 


TaBLE SHowinG RepuctTion oF CO2 OspTaINED BY ALLOWING WATER TO 
FALL THROUGH THE AIR IN Drops FoR DIFFERENT PERIODS OF TIME AT 
20° C. 

Carbon Dioxide, Parts per Million. 
0.18 50 100°. 15.0 --.200° 400°. 500: -600 
0.25 4.7 89 128 168 206 320 46.5 


3.0 2.8 3.5 4.1 4.6 4.9 5.2 éE 6.3 6.7 
3.5 2.7 3.5 3.8 4.2 4.5 4.7 5.2 5.6 6.0 
4.0 2.6 32 3.6 3.9 4.2 4.4 4.8 5.1 5.4 
10.0 2.2 2.2 2.3 2.3 2.4 2.5 2.6 2.7 2.8 
15.0 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 


into the atmosphere. An exposure of two seconds during warm 
weather ought to reduce the amount of CO. from 25 to 30 parts 
per million to 5 or 6 parts per million. This is about, the limit 
that can be obtained in practice by aération in fountains and 
sprays. 

It would be possible to combine aération by fountains or sprays 
with the use of lime or soda, utilizing aération to remove the 
greater part of the CO, and neutralizing the small amount left 
by chemical means. The alternative proposition would be to 
prolong the exposure of the water to the air, reducing the CO, to 
the amount required to saturate it. This would not remove all 
of the COs, but the quantity left would be small. This prolonged 
exposure could be obtained by allowing the water to fall through 
holes in a series of trays placed one above the other, or to trickle 
through beds of broken stone or other coarse porous beds, ‘as is 
done in Germany in connection with the iron removal process. 
If this were done, adequate ventilation would be all-important, 
for if the partial pressure of the CO: in the air of the bed or between 
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the trays were increased, the solubility of the gas would be raised 
and the CO, would not leave the water. Weston has described 
some of these aérators in his paper on the Purification of Ground 
Waters, published in the Transactions of the American Society 
of Civil Engineers, Vol. LXIV, page 114. 


CONCLUSIONS. 


On account of the many unknown factors involved in this prob- 
lem, the author presents this paper without definite conclusions or 
recommendations, trusting that it may be the subject of an ex- 
tended discussion and lead to further investigations of some of the 
doubtful matters, and to a practical trial in some city where the 
corrosion problem is serious enough to warrant it. 

If the problem of corrosion is to be satisfactorily solved it 
must be approached from two directions, — from a consideration 
of the metals used and the character of the water itself. The 
burden of furnishing pipes of good quality rests upon the manu- 
facturers of supplies, but is there not also a burden that rests 
upon the water-works authorities, namely, that of reducing the 
corrosive character of the water where this can be done without 
undue expense and where the sum total of the advantages might 
more than equal the disadvantages of the required treatment? 


DIScusSION. 


Joun C. Turesu, M.D. (by letter).* Although.a considerable 
amount of attention has been given to this subject in England, 
it has never assumed the importance which appears to be the 
case in many parts of the United States. In the north and mid- 
lands counties surface water supplies are largely used, but very 
often there are springs on the collecting areas containing suf- 
ficient carbonates of calcium and magnesium to neutralize the 
plumbo-solvency of the surface water. Where this is not the 
case, decarbonation is attempted. At first, attempts were made 
to decarbonate by allowing the water to run through channels 
containing broken chalk. This proved unsuccessful since the 
chalk soon became covered with a slimy growth of bacteria 


* London Hospital, London, England. 
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which inhibited the solvent action of the carbonic acid in the water. 
Filtration through beds of limestone was next attempted, but 
this material also became slimy, and to prevent this the lime- 
stone was placed under a bed of sand. This was an undoubted 
improvement, but experience has, shown that it is unreliable. 
The Candy Filter Company use magnesite, native MgCOs, which 
is packed in mechanical pressure filters, and the frequent washing 
appears to keep this clean and active. The plan usually adopted, 
however, is the addition by means of a mechanical mixer of 
powdered chalk or whiting, as this gives the most reliable results. 
Nearly every works has a different kind of mixer; some add the 
chalk in powder, others in the form of “‘ milk of chalk.” They 
are equally efficient. The chalk deposited at water works when 
water is softened by Clake’s process can be used, but usually the 
works using waters of such different types are too far apart to 
render this practicable. 

In other parts of England there are waters, chiefly derived from 
deposits of non-calcareous sands, which markedly act on metal 
pipes, and the addition of chalk has very little effect. These 
waters usually contain a little magnesium chloride, and to this 
constituent I am inclined to attribute the effect. In these cases 
I have recommended the addition of about two grains of sodium 
carbonate to each gallon of water. 

If properly coated pipes are utilized, no trouble may arise from 
the use of such a water. If imperfectly or improperly coated 
mains are used, then trouble arises, as in the following case. 

The village of Tiptree in Essex is supplied with water taken 
from gravel beds, and this had been used for years without giving 
rise to complaint, save from one person who had laid a long service 
pipe of galvanized iron, and the water dissolved marked quantities 
of zinc. Recently the mains were extended to a place named 
Tudwick, and when completed complaints were received along 
the routes of the extended mains about the turbidity of the water. 
A somewhat lengthy special report was prepared on this subject 
which showed that the water from the old mains was always 
bright, but that all samples taken from the three recent extension’ 
were always more or less turbid, either when drawn or within a few 
minutes afterwards. The worst samples were always from the 
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Tudwick main, which is 2 600 yards long and has no house connec- 
tion for a distance of 2000 yards. The water might be merely 
tinted brown and be fairly clear when drawn, but upon exposure 
to the air it speedily began to deposit oxide of iron, and in a few 
hours there would be a marked brick-red sediment at the bottom 
of the containing vessel. The Tudwick branch pipe is not coated 
with the ordinary black varnish but with some kind of paint, but 
the other branches complained of are coated in the usual manner. 
I obtained samples of these latter, 2-in., 3-in., and 4-in. in diameter, 
_and having plugged one end I allowed them to stand full of water 
for twenty-four hours. In no case did the water take up more 
than the most minute trace of iron, and the samples remained 
perfectly bright afterwards. When, however, patches of the 
varnish inside were scraped off, the water dissolved marked quan- 
tities of iron, and became turbid afterwards when exposed to air. 
There can be no doubt that in these branch mains the pipes are 
not thoroughly coated, hence the action of the water. 


The analysis of this water shows it to contain in each gallon: 


Calcium carbonate 
Calcium sulphate 
Magnesium sulphate 
Magnesium chloride 
Sodium chloride 


There is nothing here, unless it is the trace of magnesium 
chloride, to indicate that the water would have any special effect 
upon metals. 

We experience far more trouble with hard waters than with 
soft waters in Southern England, hence the question of ‘ soften- 
ing” is much more interesting than that of ‘“‘decarbonating.” __ 

It may be interesting to compare Professor Whipple’s table of 
the hardness of Massachusetts supplies with those of the county 
in which I am most interested, Essex, with its population of about 
one and one-half millions. 
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-HarpDNEss OF WaTER USED IN THE URBAN AND Rurat Districts or Essex, 
HAVING WATER SUPPLIES DELIVERED FROM Mains. 


Name of Authority 
or Water Company. 
Braintree, urban 
Braintree, rural 
Brightlingsea, urban 
Chelmsford, borough (a)... . 


Chelmsford, rural.......... 


Clacton-on-Sea, urban 
Colchester, borough 
Dunmow, rural 


Metropolitan Water Board... 
Malden, borough 

Malden, rural 

Rochford, rural 

Saffron Walden, borough... . 
Saffron Walden, borough.... 
Shoeburyness, urban 
Southern Water Company’s 


South Essex Water Com- 
pany’s wells 

Stanstead, urban 

Tendring Hundred Water 
Company’s area 

Witham, urban 

Wyrenhoe, urban 


Source of Water. 


Hardness, 
Parts per Million. 


Deep well. 

Deep well. 

Springs. 

Mixed spring and deep well. 
Deep wells. 

Springs. 

Springs. 

Deep wells and springs. 
Springs. 

Deep well. 

Deep wells. 


Deep wells. 

Deep wells and river. 

Deep wells. 

Springs. 

Deep wells. : 

Deep wells before softening. 
Deep wells after softening. 
Deep wells. 


Deep wells (22). 
Average about 
80 
Deep wells. 125 to 240 
Deep wells. 


Deep wells. 
Deep wells. 
Deep wells. 


In my annual report on the County of Essex for the vear 1910, 


I made a somewhat detailed study of the mortality statistics of 
the soft water areas (hardness under 100 degrees), of the moder- 
ately hard water areas (hardness between 100 degrees and 200 
degrees), and the hard water areas (hardness over 200 degrees), and 
I present the briefest possible summary for what it is worth. 


. Deep well. 160 Ess 
170 
320 
130 
40 to 50 
100 to 380 Bo) 
160 
160 
400 Head 
Herts and Essex Water Com- es 
220 to 320 
100 
40 
120 
40 
210 
100 
150 a 
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Deatus PER 1,000 PopuLation. 


From From From 
All Causes. Cancer. Phthisis. 


Soft water areas 1.07 
Moderately hard water areas 
Hard water areas 


The use of lime for removing free carbonic acid has invariably 
proved unsatisfactory, and I know of no place where it is em- 
ployed. I have experimented with it for preventing the action 
of certain waters on lead, but the results were most disappointing. 
It is well known that when used for softening water a large num- 
ber of bacteria are precipitated with the calcium carbonate, and 
remarkably purifying effects have been obtained at works under 
my control when the water from deep wells had become polluted. 
To obtain uniformly satisfactory results, filtration had to be dis- 
carded, and the water allowed to’clarify entirely by subsidence. 
When this was done a water corresponding to most efficiently slow 
sand filtered water was produced continuously. 

Decarbonation of water is also practiced here for the removal 
of iron from waters in which it appears to exist as a ferrous bi- 
carbonate. .Exposure to air by flowing in cascade is not always 
sufficient, but the addition of a little chalk or lime prior to aération 
causes the removal of all the iron. The removal of the last trace 
of carbonic acid is exceedingly difficult, and I was never able to 
accomplish it when carrying out experiments on the action of 
distilled water on lead. 

Professor Whipple does not refer to the waters which do not 
dissolve lead yet erode it. This erosive action appears to be due 
to the presence of oxygen, and the solvent action to the presence 
of oxygen and carbonic acid. When a sufficient quantity of car- 
bonates is present apparently a very insoluble oxy-carbonate of 
lead is formed which may entirely prevent the action of the 
free carbonic acid unless present in an unusual amount. If the 
water does not contain the requisite quantity of carbonates and 
very little carbonic acid, the lead becomes coated with an easily 
removable film of oxy-hydrate of lead; that is, ‘‘ erosion ”’ takes 
place. If a sufficiency of carbonic acid is present, the lead enters 
solution and the water has a “ solvent ”’ action. 
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It follows, therefore, that a water may be decarbonated and yet 
have an action upon lead pipes. Such a water when placed in a 
shallow Petri dish in such volume as just to cover a piece of bright 
lead will show an erosive action in a very short time; whereas if 
placed in a deep, narrow tube with the piece of lead several inches 
beneath the surface the erosion may be so slight, even after twenty- 
four hours, as to be barely discernible. The effect appears to 
depend upon the amount of oxygen dissolved in the water. Are 
these erosive waters dangerous if passed through lead service 
pipes? I should like the opinion of any persons who may have 
had experience with such waters. So far as my experience ex- 
tends, they are not dangerous. Possibly the interior of the pipe, 
being free from air, becomes coated with an insoluble deposit 
which prevents any further action of the water. 

Mr. E. E. Locuripae (by letter).* Mr. Whipple has presented 
much information in this paper, and while it will undoubtedly be 
surprising to many that a water of a high degree of purity can be so 
troublesome, nevertheless, with the further knowledge which is 
‘bound to come in this matter, it will soon be an accepted fact that 
the soft waters of this region have a certain corrosive quality 
which is troublesome with some kinds of pipe. 

Since the trouble experienced with red water in some parts of 
Springfield, I have taken every opportunity to note the conditions 
in other cities with natural water supplies which are probably 
of about equal hardness. I find that the red water trouble in 
many of these places is fully as pronounced, and in many cases 
more so, than was the case in Springfield. The water supply, 
however, being a natural supply and subject to the variations of 
color, etc., of such a supply, do not give occasion for comment 
on the higher colored hot waters that is the case when a filtered 
water is produced of substantially uniform quality throughout 
the year. 

The public is becoming more critical on the question of the 
quality and appearance of water furnished from public supplies, 
and as filters and other means of purification are extended, this 
question will become more and more pertinent. If anything can 
be done to relieve the situation as is suggested by Mr. Whipple it 


* Chief Engineer, Springfield Water Department, Springfield, Mass. 
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is well worth studying, but in the meantime, it would seem to me 
that water-works people should encourage the use of such pipes 
as will give a uniformly high grade of service for both hot and cold 
water, and this can be done with little additional cost at the present 
time. ‘ 
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INSULATION OF JOINTS IN PIPE LINES. 


BY WILLIAM R. CONARD, INSPECTING ENGINEER, BURLINGTON, N. J. 


[Read February 12, 1913.] 


Some years ago it was my privilege to get pipe for carrying 
high-pressure gas, or rather that was the term used in speaking of 
it, and the thought was that it might be of interest to the New 
England Water Works Association to have a short description of 
the manner in which these pipes were laid in an endeavor to get 
a line as nearly proof against electrolytic action as possible. 

The pipe were purchased and laid by the Meriden Gas Light 
Company from their Meriden plant to Southington and Cheshire, 
Conn., in all about 15 miles of 6-in. pipe. 

The pipe were of the ordinary bell and spigot type with the 
bell made 5 in. deep and with no lead groove (see Fig. 1), and 
were tested to 50 lb. of air per sq. in. at the foundry in addition 
to the regular hydrostatic test. 

In laying these pipe the joints were made up by placing at the 
base of the bell }-in. wooden ring, oil-soaked; the spigot of the 
pipe next to be used was then encircled with a rubber band about 
7s in. thick and 23 in. wide placed about 53 in. from the spigot 
end of the pipe to prevent an iron ring, afterwards put on, coming 
in contact with the pipe; the pipes were then put together, the 
spigot going home against the wooden ring, and about 1} in. of 
untarred jute packing calked tight; instead of lead being poured 
in to make the rest of the joint, an insulating compound about 
3 in. deep, black in appearance, which melts readily at 200° F., 
was poured, after which a square rubber packing was put on, and 
then a No. 44 Dresser coupling was applied to the joint and 
clamped tight (see Fig. 2). 

To those unfamiliar with the Dresser coupling, I would say 
that it consists of two split clamp rings; one split clamp ring 
fitting around the outside of the base of the bell, the other around 
the outside of the spigot end of the pipe, entering the bell, with a 
l-in. square rubber packing ring between it and the bell. The two 
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rings are connected and drawn towards one another by four 
bolts, one ring pressing against the square rubber packing. 

The line, after laying and in sections, was tested with 20 lb. 
per sq. in. air pressure, and all joints found tight. 


Fie. 1. 
Cross-SEcCTION OF BELL AND SPIGOT. 


Joints made up in this manner are as flexible as poured lead 
joints, acting just as readily as expansion joints, and electric 
tests made shortly after installation indicated no flow of elec- 
tricity at all, although, the entire pipe line parallels an electric 
car line. 

The exPense of a line like this figured about three times greater 
than for an ordinary lead joint, but for a gas line it was considered 
very desirable that it should be no conductor of electricity. 

It is probably true that the rubber used in these joints will in 
time disintegrate, but it is also true that it will last for quite a 
number of years, for the moisture in the earth and the absence of. 
exposure to the atmosphere should keep the volatile particles of 
the rubber alive for a long while. 
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As an insulated joint to prevent pipe lines from carrying stray 
currents of electricity it would appear that it would be fully as 
servicéable for water as for gas lines. 

On the line to Southington these insulated joints were installed 
on every other pipe, and on the line to Cheshire on every joint. 


Bolt 
vute gx 
Wooden 
Ring LLL. Rubber 
I \ 


Split-Clamp -Rings 


Fig. 2. 


Tue Joint Up. 


Since writing the above I learn from Mr. Brackett, chief en- 
gineer of the Metropolitan Water Works, that rubber insulated 
joints have been used by them and were successful when installed, 
but due to some cause not definitely determined, though thought 
to be due to a large amount of current charging the pipe from 
a heavy electric storm, the rubber was in part carbonized and 
thereby became a conductor rather than an insulator. It would 
appear, therefore, that so long as electricity can be prevented 
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from collecting in large volume, the joint described is an efficient 

insulator, but one can‘never tell what is going to happen during 

an electric storm. If the rubber once becomes carbonized or loses 
volatile properties, it fails as an insulator. 


DISCUSSION. 


Mr. Ricuarp D. Cuase.* It seems to me that this joint, so 
far as the filling of the space between the hub and spigot, is well 
adapted to the purpose. However, if I read the drawing aright, 
there is nothing but a thin layer of rubber underneath the clamp 
in front of the hub co prevent a current of electricity from passing 
from the pipe back of the hub through the clamps and bolts and 
again into the pipe. Dependence is placed on a piece of rubber 
apparently about an eighth of an inch thick, which would 
be very likely to disintegrate. If some way could be found of 
insulating the bolts from the clamps, I should think the joint 
would be very much better. It might be possible to insert in 
the bolt-holes a porcelain thimble so as to break the connection 
around the hub. , 

Mr. Leonarp Metcatr.t The statement in regard to the 
experience with the carbonizing of the rubber is interesting, 
especially in view of the fact that rubber joints have been used 
abroad in suction pipe lines to a very considerable extent and 
very effectively, I believe, and, so far as I have chanced to hear, 
they have not given any trouble of that sort. I think such joints 
have been used abroad certainly for periods of upwards of ten 
years. Of course a very pure grade of rubber is required. 

Mr. Cuase. In the case Mr. Metcalf mentions, the rubber 
would be inside the hub? 

Mr. Mercatr. It would. 

Mr. Cuase. If so, it would be somewhat protected. In this 
particular joint it seems to me that reliance is placed entirely on 
a thin sheet between the clamp and the pipe, where it would be 
exposed to decay. 

Mr. Mercatr. I think Mr. Chase’s point is a good one. That 
could be obviated, however, by making the casting which rests 


*New Bedford, 
t Of Metcalf & Eade Consulting Engineers, Boston, Mass. 
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over the bell cup-shaped, so it would come down and close over 
the metal of the bell. 
Mr. Rosert 8. Weston.* The rubber joints, as used abroad, 
consist simply of a ring of very pure rubber, and are squeezed into 
the joint by putting the rubber ring over the spigot and rolling 
it into the bell. Rubber, as you know, absorbs about 25 per cent. 
of its weight of oxygen, and becomes hard and brittle. But if it 
be kept away from the air and immersed in water it ought to last 
indefinitely. We have kept rubber tubing in the laboratory in 
water without any deterioration for several years. I think the 
practice abroad is to use these joints almost entirely on their 
suction lines. They drive the pipe home and then cover the 
rubber ring with moist clay. 


* Consulting Sanitary Engineer, Boston, Mass. 
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QUANTITATIVE ESTIMATION OF GROUND WATERS 
FOR PUBLIC SUPPLIES. 


BY MYRON L. FULLER, CONSULTING ENGINEER, BOSTON, MASS., 
FORMERLY IN CHARGE OF GROUND WATER INVESTIGATIONS IN 
THE EASTERN UNITED STATES FOR THE UNITED STATES GEOLOGI- 


CAL SURVEY. 
[Read March 12, 1913.] 


EXISTING CONDITIONS. 


The development of water supplies from surface sources has 
long received the careful consideration of hundreds of engineers, 
including many of the most prominent in the country. The 
questions involved have been earnestly attacked, thoughtfully 
considered, carefully weighed, and painstakingly solved, not 
only for the large cities, but for the smaller municipalities, towns, 
and villages as well. The best thought of our best men has been 
freely given to the subject. 

Ground-water supplies, on the other hand, with a few exceptions, 
such as the Long Island supply, investigated by the New York 
Commission on Additional Water Supply, have rarely received, 
here in the East, more than the passing attention of engineers. 
The problems, lying, as they do, outside the usual limits of the 
engineer’s training and experience, have seldom been studied with 
anything like the same degree of thoroughness as the surface 
supplies. Too often, he has assumed, because they have been 
obscure to him, that the occurrence and movements of ground 
waters follow no definite laws, and that the securing of adequate 
supplies is, in most cases, a mere matter of luck. 

In reality, the principles controlling the collection, absorption, 
storage, motions, and recovery of ‘tthe waters within the ground 
are as definite as those governing the waters upon the surface, 
and are worthy of the same serious consideration that has been 
given to the latter. If this is given them, their problems are 
equally open to solution, and the prediction of supplies will become 
a matter of comparative certainty rather than of mere conjecture. 
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It should be emphasized, however, that the problems fall only 
in part within the province of engineering. The greater part, on 
the contrary, are geological and require a degree of training and 
experience found, as a rule, only in the specialist. 

Conservation and efficiency are the watchwords of the day, 
and nowhere is there more opportunity for their successful appli- 
cation, or more room for their development, than in the utilization 
of ground waters for public supplies. At the present time, 
municipalities as well as corporations are to an alarming extent 
groping in the dark in the search for such supplies. I believe 
that, taking New England as a whole, not less than 25 per cent. 
of the expenditures for wells is wasted through injudicious loca- 
tion of wells, improper methods of sinking, and unnecessary 
depth of drilling. In many localities the waste rises higher, 
and occasionally the entire outlay is a total loss. When it is 
remembered that the wells sunk each year are numbered by 
hundreds, the heavy loss involved even by a 25 per cent. waste 
will be appreciated. 

It is the purpose of this paper to outline briefly what has been 
established as to the water-bearing capacities of various rocks 
and unconsolidated materials, and to indicate the principal steps 
- necessary in quantitatively estimating the ground waters avail- 
able for public or other supplies. 


BASIS OF QUANTITATIVE ESTIMATION OF GROUND WATERS. 


The basis for the following statements and conclusions con- 
cerning the quantitative determination of ground waters is the 
work of the United States Geological Survey, on which organiza- 
tion the author had:for some years the direction of the ground- 
water investigations in twenty-seven of the eastern states, sup- 
plemented by later experience in connection with consulting work 
for San Francisco and other cities and corporations. 

For many years, the Geological Survey has had a considerable 
number of parties constantly in the field during the working 
season, and has accumulated and published a large quantity of 
valuablé data on ground waters in all parts of the .country and in 
all classes of materials. 


| 
| 
i 
_ 
. 
: 
| 


FULLER. 235 


Among the most important data from the standpoint of the 
members of the New England Water Works Association are 
those pertaining to the quantitative occurrence of water in the 
numerous types of sedimentary or glacial deposits, or in the many 
different varieties of rocks. The government investigations of 
these problems have, in many instances, been ‘ type studies,”’ 
and although often based on conditions in areas of comparatively 
limited extent, are, nevertheless, susceptible of general applica- 
tion to materials of the classes investigated wherever they may 
be encountered. 

For example, the results of the Long Island investigations by the 
New York Commission and the United States Geological Survey 
may be regarded as standards of information for glacial sand- 
plains throughout the country. The government’s conclusions 
concerning the granites of Connecticut are equally applicable 
to most of those of Massachusetts, Maine, New Hampshire, or 
Vermont. The investigations of the limestones of Ohio, the 
- slates of Maine, the sandstones of the. West, and the glacial 
drift throughout the East are likewise applicable to similar de- 
posits wherever they may be found. It is through such studies 
that we are able to undertake the quantitative estimation of 
ground waters with a reasonable degree of confidence. 


FACTORS IN GROUND-WATER ESTIMATES. 


In any attempt to estimate available ground waters, a certain 
number of factors common to all localities must be carefully 
considered if the deductions are to be of value. These may be 
stated as follows: 


. Nature of water-bearing materials. — 

. Storage capacities of water-bearing formations. 
. Availability of supply. 

. Area tributary to wells. 

. Velocity of underflow. 

. Rate of replenishment. 


Those of you who are familiar with well drilling will, I feel 
sure, agree with me that in the vast majority of cases the 
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knowledge of the foregoing factors is practically confined to the 
first. In not more than one out of ten wells is there an adequate 
knowledge of storage capacity, rate of yield, or tributary area, 
while in hardly one in a thousand is the velocity or rate of replen- 
ishment seriously investigated. 

All the factors enumerated are, nevertheless, susceptible of 
approximate determinations and, when known, greatly restrict 
the range of errors of estimation. 


DETERMINATION OF WATER-BEARING MATERIALS. 


The determination of the character of materials to be encoun- 
tered in a well is not so simple as might appear. In many in- 
stances the immediate surface affords but little indication of. 
what lies beneath. The glacial deposits which overlie the rock 
practically everywhere in New England are highly variable in 
character and may range from loose sand to dense hardpan within 
an interval of a few feet. The depth or thickness of such de-° 
posits is likewise subject to abrupt changes within short distances. 

The character of the solid rock lying beneath the surface 
deposits is, in many instances, even more difficult to determine, 
for although some formations are of nearly uniform character 
over wide areas, others change rapidly from point to point. In 
a large number of cases the changes occur beneath valleys where 
the rock is deeply buried. 

The determination of the character of the rocks at considerable 
depths below the surface is seldom an impossible task. On the 
contrary, it may usually be made with a reasonable degree of 
accuracy. But the work is properly that of the geologist, and 
the judgment of the layman or of the average driller or engineer, 
unless he has had extended experience with geological problems, 
will ordinarily be of little value if the conditions are at all com- 
plicated. Too often he does not even know whether they are 
complicated or not. 

The importance of an accurate determination of the die 
of the water-bearing materials will be apparent to all, for upon 
it will depend the storage, the rate of yield, and the quality of 
the supply. There can be no question that the best information 
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obtainable should be secured before drilling is begun if the work 
is to be conducted in the most intelligent and economical manner. 


STORAGE CAPACITIES OF WATER-BEARING FORMATIONS. 


The volume of the ground-water depends directly upon the 
containing material, and if a quantitative estimate is to be made, 
the nature of the water-bearing bed must be accurately known, 
for upon it depends the character of the storage, — whether 
in pores, in joints or fissures, in cleavage or schistosity plains, 
in solution passages or cavities, etc. 

Here again an intimate knowledge of the occurrence of ground 
waters is indispensable. Every one knows that open cavities are 
encountered in rocks, but comparatively few realize that such 
openings are found only in limestones, and that in our granites, 
sandstones, and slates there is not the remotest possibility of 
encountering such a passage.* All of you know that water is 
found in the joints or fissures of granites, but how many are 
there who appreciate that the width of these is seldom more 
than a twentieth and is often less than a fiftieth of an inch, and 
that few of them extend more than a few hundred feet, thus 
cutting off the possibility of a distant supply. Yet these and 
other similar factors are of vital importance in the estimation 
of the yield of proposed wells. 


AVAILABILITY OF SUPPLY. 


The availability of ground waters, or the quantity yielded to 
. wells, has no relation, strange as it may seem, to the storage 
capacity of the materials in which they occur. Often the forma- 
tions containing the largest supplies will yield the least. In the 
following table, the first column indicates the volume of water 
actually contained in rocks and soils of various types, while the 
second shows the usual yield (or available supply) from the pores. 


* The supposed openings in the latter rocks, assumed to exist because of the sudden dropping 
of the tools while drilling, are in reality simply soft streaks, often of a cheese-like consistency, 
consisting of clayey products of decomposition known as selvage through which the drill pene- 
trates at a single stroke. They are the result of the circulation of water within the rock, and 
will, therefore, naturally afford considerable water to wells. 
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PorRoOsITIES AND YIELD OF Rocks AND UNCONSOLIDATED MATERIALS. 


Storage Capacity; Normal Yield to 
Material. or Porosity. Per} Drilled Wells from 
Cent. of Volume.| Pores.* Per Cent. 
of Volume. 
Quartzites (average).............. 4 None 
Slate and shale (average)........... 4 None 
Limestone and marbles (average).... 5 None 
5 to 25 1 to 15 
Gravel (mixed with sand).......... 20 to 30 10 to 20 
Sand (medium to coarse)........... 30 to 40 10 to 25 
Till or bowlder-clay............... 20 to 60 0 to 20 


The table does not, by any means, tell the whole story. For 
instance, while clays will yield practically nothing to wells, they 
are of great value as feeders to underlying rocks, to which they 
In many instances, as at Boston, 
the capacities of rock wells are probably doubled by the presence 
of their clay covering. Again, while the sandstones may show 
an ultimate yield of from 1 to 15 per cent. of their total supplies, 
the water often enters a well too sl 


slowly give up their water. 


of supply. 


In fact, there are so many modifying conditions that the deter- 
mination of the probable quantity of a proposed supply demands 
a thorough knowledge of ground waters and a careful study of 


local conditions. 


It hardly needs to be called to your attention that the ultimate 
quantity to be derived -from wells at a given point will be, other 
things being equal, proportional to the extent of the tributary 
area. It is not always, however, a simple matter to determine 
the distance from which water will find its way to a well, and 
a separate determination, based on a careful examination, must 
be made at each locality. There are, however, certain general 


AREA TRIBUTARY TO WELLS. 


owly to be of value as a source 


* The figures in this column do not include the yield from fissures, joints, or cleavage planes. 


Water remaining in rock is largely residual moisture held by capillarity. 
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facts regarding the distances traversed by ground waters which 
should be of interest to members of this Association. Some of 
these are summarized below. 


TABLE 2. 
DisTaNces TRAVERSED BY GROUND WATERS. 


J ‘ Ordinary Maximum Limit of 
tates. 


Surface sands and gravels. . . .| Less than 1 mile. 25 miles. 
Deep sands and gravels (be- 


neath clay or other con- 


fining layers)............. Several miles. 100 to 200 miles. 
Sandstones near surface... .. tolmile. . 5 to 10 miles. 
Deeper sandstones.......... veral miles. 100 to 300 miles. 
Limestones near surface. ... . 3 to 1 mile. 10 to 20 miles. 
Deeper limestones. . . . Several miles. 100 to 200 miles. 
Slate or shale near surface. . . . [Less than 500 ft. Rarely over 1 mile. 
Deeper slates or shales....... .| Possibly several miles.} Rarely over 10 miles. 
Less than 1 000 ft. Rarely over 2 or 3 miles. 


Nore. — Some rocks are water-bearing at greater distances from the outcrop than is indicated 
* in the table, but it seems probable that the water has been absorbed by capillarity from over- 
lying materials rather than derived by transmission from remote catchment areas. 


The wide variations in the areas tributary to different sets of 
wells will be appreciated from an examination of the foregoing 
table. The problems of source and tributary area are, naturally, 
geological in their nature and will require the services of a ge- 
ologist for their solution. To one trained in this line, however, 
they will ordinarily present few difficulties. 


THE VELOCITY OF UNDERFLOW. 


As in the case of a surface stream, the quantity of available 
ground water at a given point is determined by multiplying the 
cross-section of the moving water body by the velocity of its 
movement. This will give us the normal underflow, or, in other 
words, the maximum available supply; for, although it is possible 
to pump for a time from the reservoir (accumulated storage) 
within the ground, no more water can be obtained in the long run 
than is normally flowing within the limits of the area tributary 
to the wells. 
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Only in a very few cases has the velocity of underflow been 
determined in connection with the development of municipal 
supplies, although it is perfectly practicable where the water 
occurs in unconsolidated material of reasonable uniformity, and 
would undoubtedly prevent the waste of large sums in injudicious 
prospecting or unwarranted development. 

The most successful process of measuring underflow is the 
Slichter method, described on page 268. It can be applied by 
any mechanical or other engineer, but for the interpretation of 
results, and more especially the determination of the extent of 
the tributary area, usually demands considerable geological 
knowledge and experience. 


RATE OF REPLENISHMENT. 


An accurate determination of the rate of replenishment is of 
the first importance, for, no matter how great the storage and 
how large the tributary area, a large permanent supply will be 
obtainable only when the average absorption is at least equal 
to the quantity of water withdrawn. 

In New England, the determination of the rate of replenish- 
ment is a comparatively easy matter, for we are here dealing with 
an area of abundant and well-distributed rainfall, relatively low 
evaporation, and fairly simple absorptive conditions. In the 
western arid and semi-arid regions, on the other hand, the prob- 
lems are more complex. There, the rainfall and evaporation 
are very irregular and it takes but little to disturb the balance 
and change a net gain to a net loss. When the loss by evapora- 
tion becomes greater than the rainfall, the replenishment can take 
place only by absorption of water from the streams, which often 
pour down more or less transient floods after heavy rainfalls. 
In such instances, careful field observations, supplemented by 
laboratory tests to determine porosities and rates of percolation, 
are necessary to determine the rate of absorption and additions 
to the ground-water reservoir. 

In the East, the problem requires a careful computation of the 
rainfall and an analysis of its seasonal distribution, together 
with a similar investigation of seasonal evaporation and plant 
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transpiration, and an accurate determination of the porosity, 
size of grain, rate of percolation, nature of vegetation, and other 
minor factors regulating absorption. 


LIMITED VALUE OF TEST WELLS AND PUMPING TESTS. 


Water-works mien and engineers have frequently remarked to 
me that, after all, the only way to tell whether or not one has a 
supply is to put down a test well and make a pumping test. 

With this view, I do not at all concur, for it may be readily 
shown that pumping tests come far from furnishing complete 
data as to the availability of permanent supplies. What a pump- 
ing test shows and what it does not show is concisely summarized 
the following table. 


TABLE 3. 
Data FROM Pumpine TEsTs. 


Pumping tests show Pumping tests do not show 


1. Character of material at well. 


. Average character of material of 
tributary area. 
. Permanency of the supply. 


2. Presence or absence of water at 
time of test. 

3. Rate of delivery when water is at 
maximum height. 

4. Quality of water at start. 


. Rate of delivery from depleted 
reservoir. 
- Quality of water after continued 


pumping. 

. Direction of movement of ground 
water. 

. Velocity of ground-water move- 
ment. 

. Source of water. 

. Extent of tributary area. 

. Rate of replenishment. 


CON Oo WO 


That a knowledge of the materials at the well is insufficient is 
indicated by the fact, long known to ground-water engineers, 
that it is the average section for the whole area and not its charac- 
ter at a single point that determines both storage and movement 
of the ground water. This is manifestly not furnished by a sin- 
gle test well. 

The pump may deliver during a test very large volumes of 
water, but, except where the supply is very limited, and hence 


4 

2 

2 


242 ESTIMATION OF GROUND WATERS FOR PUBLIC SUPPLIES. 


readily depleted, the test shows nothing as to the supply per- 
manently available. Many wells tap ground-water reservoirs 
containing the accumulated supplies of long periods, but the fact 
that half a million gallons may be withdrawn daily for a few days 
is no indication that the permanent yield, taking it year in and 
year out, will be more than a small fraction of this amount. 

When the water table stands high in the ground, the entrance 
of the water into a well is relatively rapid, but the rate of entrance 
declines as the water table becomes lowered through depletion. 
The extent to which the supply will be affected can be determined 
only by a study of the tributary area, velocity of underflow, and 
rate of replenishment, no indications of which are afforded by 
pumping tests. 

It is well known that in heavily pumped wells the quality of the 
ground-water supply often deteriorates with the passage of time, 
although possibly not for some months or years, but the nature 
and extent of the change is to be predicted from a study of the 
character of the materials and of the geological structure rather 
than from a necessarily brief pumping test. 

The direction of movement of the ground waters is of consider- 
able moment in determining the liability of pollution by contami- 
nating matter from the surface, or of the likelihood of the 
penetration of sea water or other mineralized waters from clays, 
shales, bog iron ores, peats, etc., but is not usually indicated by 
the pumping test. 

The paramount importance of a thorough knowledge of the 
rate of underflow, the source of the supply, the area tributary 
to the wells, and the rate of replenishment has been already 
indicated. Without such knowledge, there can be no clear con- 
ception of the problem, and the search for a supply will be mere 
guesswork. That the information is not to be gathered from the 
results of pumping tests will, the author thinks, be conceded by all. 

Notwithstanding the limitations of the data furnished by 
pumping tests, I do not wish to be understood as maintaining 
that such tests are without value. .On the contrary, they are 
of much value when their limitations are understood. They 
should, however, be regarded as adjuncts to ground-water investi- 
gations rather than as final in themselves. 
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QUANTITATIVE ESTIMATION OF GROUND WATERS. 


Having touched upon some of the more important general 
problems involved in the determination of available ground 
waters, the estimation of the prospective supplies to be secured 
from the various rocks and unconsolidated deposits, especially 
those of New England, may be properly considered. 

It will be found that considerable space is devoted to the 
occurrence of ground waters in formations which, like the granitic 
rocks, are of comparatively small importance as sources of public 
supplies. The reason for this is that very little has been pub- 
lished concerning the yield of rocks of these types, at least in a 
form readily available to water supply officials. Such rocks are, 
nevertheless, likely to become of increasing importance as supple- 
mentary if not primary sources of supplies for small villages and 
towns. 


AVAILABLE GROUND WATERS IN GRANITIC ROCKS. 


Granitic rocks, with which are here included traps, the various 
gneisses or banded granites, and the laminated crystalline schists, 
constitute the country rock underlying more than half of the 
entire area of New England, and, on the whole, are the least 
prolific as regards water supplies of any class of rock we are likely 
to encounter in this region. The range of yield is, nevertheless, 
fairly well established, and while individual wells may vary 
greatly, the quantity of water that would be available to a series 
of wells, such as those of a small water supply system, may be 
estimated with a fair degree of approximation. 

ContTROLLING Factors. — The water in granitic rocks includes 
that in the pore spaces between the grains and that in the joints 
or seams and other fissures. The former have been found by 
numerous laboratory tests to average about 1 per cent., or about 
0.3 of a quart per cubic foot. Within a radius of 500 ft. from a 
300-ft. well the supply thus stored would be approximately 
17 600 000 gal. Unfortunately, however, all of this is firmly 
held within the rock by the force of capillarity, and hardly a drop 
is yielded to wells. 

The supplies of the wells ordinarily come from a single source, 
the joint planes or seams which cut the rock in various directions 
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from vertical to horizontal. These are familiar to all of you who 
have ever examined a large quarry. The common vertical or 
highly inclined joint is that represented by the broad, smooth, 
iron-stained surface that often forms one of the sides of: the quarry 
or that cuts the quarry face as a vertical seam. Plate X shows 
several such joints dividing the rock into a series of sheets. 
The horizontal joints are the flat or curved seams found in the 
upper portions of most hillside quarries, as show in Plate XI. 
They are poorly developed and often practically absent in valleys 
or where the hills or slopes are thickly covered with earth or 
other deposits. 

The number and character of the joints within the area tribu- 
tary to a well are not, however, the factors ultimately determining 
the supply, for the water so held would be ordinarily exhausted 
within a few hours if it were not for replenishment, which is 
regulated by the character of the covering over the rock and the 
topographic conditions in the vicinity. 

Some years ago, Mr. E. E. Ellis, of the United States Geologi- 
cal Survey, spent a season under my direction in the investiga- 
tion of the granitic rocks of Connecticut. His results* are the 
basis of many of the following statements. 

Considering the granitic rocks of New England, of which the 
Connecticut rocks are fair representatives, it appears that the 
average spacing of the vertical or highly inclined joints of a given 
series is something over 10 ft., but when those of different direc- 
tions or inclination are included, it probably averages more 
nearly 5ft. Horizontal joints often occur as close as a foot apart 
in the upper 20 ft., but at 50 ft. they range from 6 to 30 ft. from 
one another. 

At the surface, the vertical joints are frequently wide and 
gaping, but they become much narrower with depth, fully half 
of their number dying out in the first 150 ft. The average width 
has been estimated, from careful study of a large number of 
quarries, at 0.01 in. at depths of 50 to 300 ft. The horizontal 
joints are rarely more than mere seams. 


* Occurrenceof Water in Crystalline Rocks. United States Geological Survey, Water Supply 
Paper 160, pp. 19-28. Ground Water in the Crystalline Rocks of Connecticut. Water Supply 
Paper 232, pp. 54-103. 
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PLATE X. 

N. E. W. W. ASSOCIATION. 
VOL. XXVII. 
FULLER ON 

GROUND WATER. 


SHEET OR PARALLEL JOINTING IN GRANITE. (PHOTO. By U.S. GEOL. Surv.) 
SucH SHEETED ZONES ARE OFTEN PERSISTENT FOR LONG DISTANCES 
AND GENERALLY YIELD CONSIDERABLE WATER TO WELLS. 
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PLATE XI. 

N. E. W. W. ASSOCIATION, 
VOL. 
FULLER ON 

GROUND WATER. 


HorizontTaL JOINTING IN GRANITE, SHOWING SEEPAGE OF WATER FROM 
JoInT PLaNes. (PHoTo. By U. S. Grou. Surv.) JOINTING OF THIS 
Tyrer 1s Best DEVELOPED AT THE SURFACE, AND YIELDS WATER TO 
SHALLOW WELLS. 
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The ordinary vertical joint commonly éxtends for several 
hundred feet before dying out or joining another fracture, while 
the principal or master joints, especially those along which there 
has been faulting, may extend some miles. The sheeted zones 
formed by a series of closely spaced parallel joints, Plate X, are 
also rather persistent. It is to be noted, however, that the 
portions of joints sufficiently open to be water bearing are usually 
of limited extent. This is indicated by the fact that salt water 
rarely penetrates more than 500 ft. from the coast and has never, 
so far as known to the writer, entered. wells located more than 
1000 ft. away. The continuity of the horizontal joints rarely 
exceeds a few hundred feet. 

The attitude or inclination of the joints is an important feature, 
for unless they are more or less inclined they will not be inter- 
sected by a well. In the average New England well in granitic 
rocks, the number of inclined joints encountered is approximately 
as follows: 0-100 ft.,4; 100-200 ft., 3; 200-300 ft., 2; 300-400 
ft., 1; more than 400 ft., less than 1 per 100 ft. 

In addition to the vertical or inclined joints of the regular 
systems, there must be a certain number of connecting joints 
joining the various members of a series if a well is to afford any 
considerable supply. Fig. 1 shows the nature of such an inter- 
secting system. 

From the number and character of the joints it is possible 
to estimate the quantity of water stored in the rocks. I have 
elsewhere* estimated that with a double system of joints, each 
with the fractures at an average distance of 5 ft. from one another, 
there would be about 1 cu. in. of water to 125 cu. ft. of rock. 
This would be equivalent to approximately 8 000 gal. within a 
500-ft. radius of a 300-ft. well. 

Since this amount of water would be exhausted by a few minutes’ 
pumping, it is apparent that (1) the number and width of the 
joints must be larger than estimated, (2) the distance from which 
water is drawn must be greater than assumed, or (3) the supply 
must be replenished as rapidly as withdrawn. From the studies 
of scores of quarries we know that there is little chance for the 


* Total Amount of Free Ground Water in the Earth’s Crust. United States Geological 


Survey, Water Supply Paper 160, p. 70. 
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first, and from the fact that salt water is drawn in from the sea 
for only short distances, while wells more than a few hundred 
feet apart rarely affect one another, as they would be sure to do 
if the joints extended for any considerable distance, it is equally 
certain that in the majority of cases the water can come from 
little if any greater distance than postulated. There is every 
reason to believe, therefore, that the supplies of wells in granitic 
rocks come, in practically all cases, from the coverings or feeders 
of overlying material, the quantity being determined by the 
nature of the feeder and the width of the joints through which 
the water is transmitted to the well. The intereommunication 
of soil and rock waters is further indicated by the head of the 


Fig. 1. 


DiacraM SHOWING INTERCOMMUNICATION OF JOINTS, AND A SURFACE 
“ Feeper”’ oF (H. E. Grecory.) 


waters in the rock wells, which is practically always controlled 
by the level of the adjacent surface waters, although direct con- 
nection may be entirely cut off by the well casings. The chemical 
differences in the characters of the waters so often noted are the 
result in part of differences in source and in part of chemical reac- 
tions or occasionally of mechanical filtration. 
_ The effect of the soil covering upon the entrance of waters into 
a rock must be apparent to all. If the rock surface is bare, the 
rain will be shed, as from the roof of a house, without absorption. 
If, on the other hand, it is overlain by a porous soil (Fig. 1), the 
rain will be taken up as it falls and held as in a sponge, to be 
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subsequently slowly yielded to the rock beneath. The thicker 
the soil mantle, the greater and more permanent will be the 
supply. Vegetation, to a certain extent, aids absorption, but it — 
more than doubles the loss by evaporation and transpiration. 
Frozen soils will naturally be practically non-absorptive. 

Topography, or surface relief, also has much to do with the 
yield of wells in granitic rocks. On slopes, the water is shed 
quickly, and the feeders above the rock hold less water. In. 
valleys, if the covering is at all thick, the materials over the rock 
surfaces are always saturated. On the broader hills and on pla- 
teaus or upland plains the quantity of water held in the feeders is 
less than in the valleys but more than on the slopes. 

Yretp oF WELLS IN Granitic Rocks. — Having considered 
the various factors controlling the ground-water supplies in 
crystalline rocks, it remains for us to apply them to our estimates 
of yield. The results may be most concisely shown by means 
of a table.. 


TABLE 4. 


EstimaTED YIELD OF WELLS IN GRANITIC Rocks. 
(Gallons per Minute.) 


No Cover To Rock. Mepium Cover To Rock.||Tuick Cover To Rock. 


of 
| Well. || Slopes Plateaus} |; Slopes |Plateaus| Slopes |Plateaus| 
(Feet.) | (In.) or or > or or > or or > 
Sharp | Upland| = Sharp | Upland| = Sharp | Upland| = 
Hills. ains. Hills. | Plains. Hills. | Plains. 


100-| 4 3 4/6] 8 | 15 | 20 || 15 | 20 | 25 

200 | 

| 20 | 25 | 30 
s |i 5 | 6 | 10 12 | 24 | 30 25 | 30 | 35 


The figures of the above table are the average estimated perma- 
nent yields. Individual yields may be considerably greater 
or less than indicated, ranging from 0 in the smaller wells on 
slopes to over 200 gal. a minute in the larger wells in valleys. 
Initial yields are sometimes, but not always, much higher than 
the permanent yields, one well with which I am familiar having 
dropped from 250 to 30 gal. a minute as soon as the reserve 
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supply was exhausted. Many apparent variations from the 
normal are explainable by the influence of factors at some dis- 
tance from the well. Thus a well sunk on a bare rock surface 
may sometimes yield much more than the quantity indicated 
in the table, for the reason that adjoining areas, from which a 
part of the supply comes, may have a cover or feeder of some 
thickness. 

Ordinarily wells more than 500 ft. apart will not interfere 
appreciably with one another. Wells 200 ft. apart commonly 
yield not less than two thirds the sum of the normal individual 
yields. Sometimes wells located only a few feet from one another 
are entirely independent as to supplies. 

The average reported yield for all wells in granitic rocks in 
Connecticut was about 15 gal. per minute, but many of the wells 
were less than 100 ft. in depth, and few were pumped to their 
full capacities. It seems likely that 20 to 25 gal. a minute is 
more nearly their actual average capacity. Probably not more 
than 1 in 50 of the wells fails to obtain water. The conditions in 
similar rocks in other parts of New England are essentially 
the same. 

At a number of localities in New England granites have been 
utilized as a source of public supplies for small villages, but the 
limitations of the area tributary to any well or group of wells will 
prevent the use of such rocks as sources of supply for towns of 
any size. 


AVAILABLE GROUND WATERS IN QUARTZITES. 


A quartzite may be defined as a siliceous or quartz sandstone 

in which the original pore spaces have been filled with a silica 
cement, forming a dense, hard, compact rock even more non- 
absorbent than granite. 

It is, however, a rock which is generally more or less broken by 
joints or seams similar in character to those of granitic rocks and 
likewise characterized by the presence of considerable water. 

Nowhere in this country are rocks of this class of any consider- 
able importance as water producers, although many farm wells 
draw moderate supplies from the quartzites in Minnesota and 
elsewhere. That they are not more extensively utilized is due, in 
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a large measure, to the presence of overlying sands, gravels, or 
glacial drifts which will yield more copious supplies. Their 
great hardness, also, makes drilling both slow and expensive. 

It is probable that, on the whole, jointing is fully as well devel- 
oped in quartzites as in granitic rocks, and that, under similar con- 
ditions, they will yield quite as much water as the latter. Except, 
however, for villages and very small towns, we should not look to 
quartzites as sources of public supplies. 


AVAILABLE GROUND WATERS IN SLATES AND SHALES. 


Slate forms the country rock beneath the greater part of southern 
Maine, and is found in smaller isolated areas in the other New 
England states. Of these local slate areas, that underlying 
Boston may be mentioned. Owing to the scanty population 
and the abundance of water in the surface deposits over the 
greater part of the slate areas, only a moderate amount of drilling 
has been done. My associate, Mr. Frederick G. Clapp, however, 
has collected data from more than 200 wells in Maine in connec- 
tion with work for the United States Geological Survey,* while 
I have myself collected the records of a considerable proportion 
of the deep Boston wells. The information regarding the waters 
of horizontal shales was collected by myself and assistants in 
Minnesota, Ohio, and elsewhere.t 

CONTROLLING Factors. — Slates and shales normally contain 
in their pores about 4 per cent., or 1.2 quarts of water per cu. 
ft., or four times as much as granite. This is equivalent to 
about 70000000 gal. within a radius of 500 ft. from a 300-ft. 
well, but, as in the granitic rocks and limestones, none of it is 
available to wells. 

There are marked differences in the manner of occurrence of 
water in slate and in shale, for which reason it is necessary to 
bear in mind the differences in the two rocks. Shale is a soft, 
fine-grained rock resulting from the consolidation of clay, and 


* Occurrence and Composition of Well Waters in the Slates of Maine. United States Geologi- 
cal Survey, Water Supply Paper 258, pp. 32-39, 1911. 

+ Geology and Underground Waters of Southern Minnesota. United States Geological 
Survey, Water Supply Paper 256, 1912. Underground Waters in Southwestern Ohio. United 
States Geological Survey, Water Supply Paper 259, 1912. 
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tending to split into thin plates parallel to the bedding or strati- 
fication. There is very little true shale in New England, but it isa 
very important rock west of the Alleghanies. Its beds are gener- 
ally horizontal or moderately inclined, rarely on edge. 

Slate is a harder and denser rock than shale. In most cases, 
the original bedding planes have been sealed, but it generally 
‘has a strong tendency to split along vertical or highly inclined 

planes as shown in Plate XII. These parting planes are due to 
pressure instead of to stratification, and are known as cleavage 
planes. 

The waters of shales occur both in joints and in the bedding or 
lamination planes. The joints are fewer in number than in granitic 
rocks, but are, perhaps, somewhat more open, although well 
records do not indicate that they are water-bearing to any 
greater extent than those of granites. The lamination planes vary 
from a fraction of an inch to a foot or more apart, but, being hori- 
zontal, the weight of the overlying rock tends to keep most of 
them tightly closed. Comparatively few are water-bearing. 

In slates, the jointing is much more strongly developed than in 
shales, the number of the seams often even exceeding those in 
granitic rocks and carrying correspondingly greater quantities of 
water. In addition there is often an equal or even greater quan- 
tity stored within the cleavage planes, for, being vertical or highly 
inclined, the latter are less affected, at least at moderate depths, 
by the weight of the overlying strata than are the bedding planes 
of the shales. They have a greater tendency, therefore, to 
remain open and afford passages for the downward percolating 
waters. 

On the whole, it seems probable that the slates contain several 
if not many times the quantities of water held by equal bulks of 
granitic rocks. Neverthless, since the lateral extent of the joint 
and cleavage planes has been shown by the behavior of adjacent 

~ wells and wells near the margin of the sea to be even less than of 
those in granitic rocks (Table 4, page 247), it is certain that no 
well could be supplied for long from the waters stored within the 
rock. The water must, therefore, be derived mainly from the 
cover or feeder of overlying material. The part played by such 
feeders has already been discussed (page 246). 
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PLATE XII. 

N. E. W. W, ASSOCIATION, 
VOL, 
FULLER ON 

GROUND WATER, 


CLEAVAGE IN (PuHoTo. By U. S. Surv.) THE PRESENCE OF 
CLEAVAGE PLANES MATERIALLY AIDS THE TRANSMISSION OF GROUND 
WATERS AND INCREASES THE YIELD OF WELLS. 
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YIELD OF WELLS IN SLATES AND SHALES. — The comparative 
estimated yields of slates and shales under different conditions 
are shown in the following table. 


TABLE 5. 
EsTIMATED YIELD OF WELLS IN SLATES AND SHALES IN GALLONS Per MINUTE. 
Thin Cover to Rock. 
(Less than 10 feet.) 


HorizontTat SHALES. | INCLINED SLATES. 
(Jointing Poorly (Jointing Well 
Developed.) Developed.) 


or 


Slopes 
Sharp Hills. 
Plateaus or 


Calcareous Shales or Slates. 
(Containing Soluble Layers.) 


Slopes or 
Sharp Hills. 
Upland 

Plains 


Diameter of Well. 


Plateaus or 


Variable, according to 
whether or not the well 
encounters solution pas- 
sages. Average 25 to 50 
per cent. more than non- 
calcareous slates. 
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TABLE 6. 
Thick Cover to Rock. 
(More than 50 feet.) 


Horizontat SHaes.| INCLINED SLATES. 
(Jointing Poorly (Jointing Well 
Developed.) Developed.) 


Calcareous Shales or Slates. 
(Containing Soluble Layers.) 


(Inches.) 
land 
ains. 
land 
ains. 
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P 


Diameter of Well. 
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P 


Plateaus or 
Plateaus .or 


Variable, acording to 
whether or not the well 
encounters solution pas- 
sages. Average 25 to 50 
per cent. more than non- 
calcareous slates. 
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The above estimates of approximate yields are subject to the 
same limitations and qualifications as those given for the granitic 
rocks on page 247. , : 

It is to be noted that the yield of horizontal shales where the 
covering is thin is very small. This is due largely to the infre- 
quency of joints, in the absence of which the waters find great 
difficulty in entering the rock, for the reason that the shale layers 
are themselves essentially impervious to the passage of water. 
Many wells on slopes are failures owing to free lateral drainage 
(Plate XIII). Even with thick covers or feeders, the supplies of 
horizontal shales are, for the reasons indicated, less than those of 
granitic rocks. 

In the slates proper, on the other hand, the supplies usually 
average slightly higher than in the granites and similar rocks, 
especially in the deeper wells, for the reason that both joints and 
cleavage planes contribute to the yield. 

In the calcareous slates and shales, or those containing consider- 
able quantities of lime, solution passages are often dissolved along 
the limey layers. These passages are frequently half an inch or 
more in diameter and extend for long distances. When encoun- 
tered by wells they often yield good supplies, although the ultimate 
yield is generally controlled by the rate of absorption from some 
more or less distant feeder. 

Adjacent slate and shale wells are, perhaps, more likely to 
interfere with one another on pumping than are wells in the 
granitic rocks, but the effect of the interference is commonly less 
serious. Usually, wells over 200 ft. apart will give at least three 
fourths of the sum of their normal individual yields. 

The percentage of unsuccessful shale wells on slopes is, when 
the covering is thin, quite high, probably 1 in 5 failing to get even 
enough for family use. With thick coverings, the number of 
failures is probably not more than 1 in 10. With inclined slates 
and the calcareous varieties of slate and shale the number of 
failures is probably about the same as in granite, or about 1 in 50. 
When sunk close to salt water, the percentage of failures is con- 
siderable, and indicates that it is undesirable to drill. within 
500 ft. of the shore. 
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SEEPAGE FROM STREAM Bank. (PuHoTO. BY U.S. GEOL. Surv.) ILLUSTRATING 
MANNER OF DRAINAGE OF Rocks AND Sorts ON OR NEAR SLOPES. 
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AVAILABLE GROUND WATERS IN LIMESTONES. 


Limestones, including the crystalline varieties known as mar- 
bles, are. found principally in northern Maine and in a more or 
less interrupted belt along the western edge of Vermont, Massa- 
chusetts, and Connecticut, although small areas occur elsewhere 
in New England. In the Mississippi and Ohio valleys and at 
many other points in the West and South there are formations 
of great importance. 

ConrroLuine Factors. — Limestones have an average porosity 
of about 5 per cent. and will hold about 1.5 quarts of water per 
cu. ft., or some 88 000 000 gal. within a radius of 500 ft. of a 300-ft. 
well, but, as in slates and granites, this is so strongly held by the 
force of capillarity that practically none of it is available to wells. 

The available supplies from limestones come, in nearly every 
cas2, from solution passages. These are dissolved by percolating 
waters wherever there is an opportunity for circulation, generally 
along some fault (Plate XIV, Fig. 1), joint, or bedding plane, espe- 
cially at the contact with some shaley or other impervious layer. 
At first the openings are very small, usually only a fraction of an 
inch in diameter, but there is a general tendency for the water 
movement to become concentrated along certain lines, with the 
result that tubular passages, varying from a few inches to many 
feet in diameter, are eventually formed. The smaller passages 
often form a ramifying network along bedding planes, as shown 
in Plate XIV, Fig. 2. 

The largest passages are usually formed at or above drainage — 
level, that is, above the level of the valleys into which the lime- 
stone waters drain. Our well-known caves, such as Mammoth, 
Wyandotte, etc., are examples of this type. At great depths the 
circulation of water is less rapid ana the passages are smaller. 
Nevertheless, as indicated by water-worn specimens brought up 
in drilling, passages a foot or more in diameter occur at depths of 
more than 1 000 ft. 

The length of the larger passages is often considerable. One 

passage in the Mammoth Cave of Kentucky is nearly 5 miles in 
length, while certain surface features, such as great sinks, indi- 
cate that passages of several, if not many, times this length may 
occur. 
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The water supplies of limestones, unlike those of most other 
classes of rocks, are not solely, and possibly not even chiefly, de- 
pendent on the presence of overlying soil or other feeders. A 
large quantity of water, on the contrary, passes downward through 
sinks or basin-like depressions connecting with the underground 
passages. Through these, the surface waters enter the rock 
directly and without filtration. Whole streams, sometimes 
flowing millions of gallons a day, sometimes disappear into cavern- 
ous passages in the limestone. 

From the preceding it will be apparent that the free water in 
limestones will far exceed that of the granitic rocks and the 
slates and shales, and will often, as a matter of fact, be sufficient. 
to supply a well indefinitely without the aid of the usual 
feeder. 

The ramifying networks of small passages, previously mentioned 
and illustrated (Plate XIV, Fig. 2), are more dependable sources 
of supply than are the large passages, since they are generally of 
considerable lateral extent as compared with the tubular passages. 
A well may miss the latter entirely, even though there may be 
several in its immediate vicinity, but it will rarely fail to encounter 
at least one of the broader bedding planes. The supplies of the 
latter, however, are usually more limited than those of the big 
passages. 

Topography is a far more important factor in determining the 
yield of limestone wells than of those of any other class of rock. 
’ The reason for this is the open character of the water-bearing 
passages, which commonly permit the limestone waters to freely 
drain into the adjacent valleys, thus preventing the accumulation 
of reserve supplies. Large permanent supplies are seldom found 
above drainage or valley level, except where large streams of 
moving water are encountered. Often it will not be the valley 
nearest to the well that will determine the drainage level, but 
rather some distant valley into which the underground stream 
eventually discharges. 

,it is to be borne in mind that whenever limestone wells are 
considered as a source of public supplies, there is always consider- 
able danger of contamination, owing to the entrance of much of 
the water into the ground through sinks and without filtration. 
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PLATE XIV. 

N. E. W. W. ASSOCIATION, 
VOL, XXVII. 
FULLER ON 

GROUND WATER. 


Fig. 1. 
WatTER PassAGE ON FAULT-PLANE IN LIMESTONE. (PHOTO. BY U.S. GEOL. 
Surv.) Sucw PassaGEs OFTEN AFFORD LARGE QUANTITIES OF WATER 
To WELLs. 


Fig. 2. 
NETWORK OF SOLUTION PassAGES ALONG BEDDING PLANES IN LIMESTONE. 
(Puoto By U.S. Grou. Surv.) THESE SMALL (4-INCH) PassaGEes EXTEND IN A 
RAMIFYING NETWORK OVER AREAS AND YIELD Mucu WatTER TO WELLS. 
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Such waters must always be carefully watched for any sudden 
increase in chlorine or the appearance of bacilli coli. 

YreLp oF WELLS IN LimEsTONE. — Too few wells have been 
sunk in the limestones of New England to warrant any broad 
conclusions, but I have had the opportunity, in connection with 
investigations for the United States Geological Survey in Ohio 
and Minnesota, to study the yield of limestones under a wide 
range of conditions. From these investigations* it appears 
clear that the yield of limestones, except where very near the edge 
of a valley into which their waters may drain, will average not 
less than 50 per cent. greater than those from slates and shales, 
as set forth in the tables on page 251. The maximum possible 
yield of limestone wells is many times that of wells in the latter 
rocks. 

Compared with sandstones, on the other hand, the average yield 
of wells in limestone is comparatively small, although individual 
wells encountering large solution passages may run as high or 
higher than the largest sandstone well. In southeastern Minnesota 
practically every one of the scores of public supplies derived from 
rock wells obtains its water from sandstone, although limestone 
is equally and often even more convenient of access and its water 
equally good from the chemical and sanitary standpoint. 

The average yield of a limestone well under unfavorable condi- 
tions, as on slopes with thin coverings, is probably about 25 per 
cent. less than that of a sandstone well in the same situation. 
Below drainage level and beneath thick coverings, the average 
yield of limestone wells is estimated to be 50 per cent. to 75 per 
cent. less than wells in sandstone. 

It is not considered advisable, owing to the excessively wide 
variations of individual wells, to attempt to show the probable 
average yield of limestone wells by means of a table. The fore- 
going comparisons will, however, afford a fair idea of the quanti- 
ties to be expected from wells of this lass. It may be said that, 
in general, limestones will afford ample water for domestic and 
farm purposes, and, when beneath drainage level, will ordinarily 


* Geology and Underground Waters of Southern Minnesota. United States Geological 
Survey, Water Supply Paper 256, 1912. 

Underground Waters in Southwestern Ohio. United States Geological Survey, Water 
Supply Paper 259, 1912. 
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furnish sufficient quantities to supply small villages and occa- 
sionally large villages and even towns of considerable size. The 
yield of limestone wells is not usually materially affected by their 
diameters, except insofar as the size may limit the capacity of the 
pumps used. 


AVAILABLE GROUND WATERS IN SANDSTONES. 


The sandstones of New England are mostly found in the Connec- 
ticut Valley lowlands of Massachusetts and Connecticut, where 
they underlie the river and the broad, flat terraces, several miles 
in width, which border the stream on both sides. They are 
known as the “ red-rocks ’’ from the prevailing reddish or brown- 
ish color. Other local areas of Sandstone, largely of a grayish 
type, are found at a number of points. 

The sources of information concerning the waters of the sand- 
stones of New England are the investigations for the United States 
Geological Survey by H. E. Gregory, W. H. C. Pynchon, and the 
writer, while the data from other parts of the country are drawn 
from the Survey reports on southwestern Ohio, southern Minne- 
sota, and the states on the east flanks of the Rocky Mountains.* 

ConTROLLING Factors. — The greater part of the water in 
sandstone occurs, as in most other rocks, in the pore spaces be- 
tween the grains, but unlike the rocks previously considered, these 
pore spaces are large, mostly supercapillary, and usually give 
up the greater portion of their supply to wells. 

Most sandstones are composed of mixtures of coarse and fine 
grains, which are bound together by cements of lime, silica, or 


* Underground Water Resources of Connecticut. H.E. Gregory, United States Geological 
Survey, Water Supply Paper 232, pp. 105-138, 1909. 

Drilled Wells of the Connecticut Valley. W. H. C. Pynchon, United States Geological 
Survey, Water Supply Paper 110, pp. 65-74, 1905. 

Triassic Rocks of the Connecticut Valley as a Source of Water Supply. M. L. Fuller, 
United States Geological Survey, Water Supply Paper 110, pp. 95-112, 1905. 

Geology and Underground Waters of Southern Minnesota. C. W. Hall, O. E. Meinzer, and 
M. L. Fuller, United States Geological Survey, Water Supply Paper 258, 1911. 

Underground Waters of Southwestern Ohio. M. L. Fuller and F. G. Clapp, United States 
Geological Survey, Water Supply Paper 259, 1912. 

The High Plains and their Utilization. Willard D. Johnson, United States Geological 
Survey, 21st Annual Report, part 4, pp. 601-674, 1900; 22d Annual Report, part 4, pp. 631-669, 
1901. 

Also numerous papers by N. H. Darton, G. K. Gilbert, and Erasmus Haworth. (See bibli- 
ography of Geological Survey publications on ground waters, Water Supply Paper 120, 1905.) 
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iron. The extent to which these cements have filled the original 
pores and thus partially closed the intercommunicating passages 
between the pore spaces regulates, to a large degree, the freedom 
of movement of the water within the rock, and largely determines 
the yield to wells. Inasmuch as the cementing is naturally more 
complete where the grains and pores are small, it follows that 


Fig. 2. 
DIAGRAM SHOWING CRUSHED ZONES ALONG FAULTS IN THE SANDSTONES OF 


THE CONNECTICUT VALLEY, WITH OVERLYING FEEDER OF TiLL. (H. E. 
GREGORY.) 


Fault zone 


the presence of fine material, especially silt, in sandstone is an 
important factor in determining yield. 

In the finer and more silty sandstones which have, let us say, 
an average porosity of 5 per cent., only about one fifth will be 
yielded to wells, while four fifths of the water will remain per- 
manently in the rock. In the more coarse and open varieties, 
whose porosity is sometimes as high as 25 per cent., about three 
fifths will be yielded to wells and only two fifths remain behind. 
In the first instance the yield will be equivalent to 0.3 quarts 
to each cubit foot of sandstone; in the second, to 4.5 quarts. 
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The yield of a rock holding the latter quantity, if it is of any 
considerable thickness, is enormous. With a bed only 10 ft. 
thick there would be stored in a single acre 490000 gal. Since 
a well in sandstone may draw from scores if not hundreds or 
even thousands of acres, the possibilities of obtaining large supplies 
for public purposes are usually very good. 

Although a sandstone bed is usually more or less saturated 
throughout, the movement of the water, owing to the compact- 
ness of grain, may be comparatively slow and the direct yield 
to a well somewhat limited. Usually, however, there are more 
or less well-defined bedding planes in the rock, and to these the 
waters are delivered from the pores over considerable areas. A 
well encountering such a bedding plane will obtain far more 
water than it would otherwise secure. There is also a strong 
tendency toward concentration of movement within the rock 
along beds or layers of shale. 

Joint planes play a far less important part in determining the 
water-bearing capacity of a sandstone than in the crystalline 
rocks and slates. Nevertheless, they sometimes afford passages 


for large quantities of water. This is especially true where there 
has been faulting along the joint planes and the rock has been 
more or less crushed and broken, as shown in Fig. 2, which is a 
section of the sandstone in the Connecticut Valley. The 


Fie. 3. 


DracraM SHowING DraiNnaGE oF SANDSTONE SLopes By Sprines. (H. E. 
GREGORY.) 
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exceptional yield of certain wells at Hartford, Conn., which is 
from three to five times that of the usual well in similar rocks 
in the vicinity, is attributed to such a crushed zone. 

The action of the soils or other feeders overlying the outcrops 
is much the same as in other rocks, but since the sandstones are 
themselves absorbent, the presence of feeders is not so vital. 

Topography has a strong influence on the yield of sandstone 
wells. It is not so much, however, that the rainfall is quickly 
shed from the slopes as it is that the sloping surfaces cutting the 
sandstone beds permit the easy escape of their waters (Fig. 3). 

YIELD OF WELLS IN SANDSTONE.— The average estimated 
yield of wells in sandstones of different types and under varying 
conditions of topography and depth are given in the following 
table. 


TABLE 7. 


EsTIMATED YIELD OF WELLS IN SANDSTONES. 
(In Gallons per Minute.) 


Frum 70 Gust CoarRsE OR OPEN SANDSTONE. 
Diam. 
oun Depths 100 to 300 Feet. Depths 100 to 300 Feet. 
(Inches.) Dee 
Upland Upland Well 
Slopes. | Plains, | Valleys. Slopes. ins. | Valleys. 


4 30 40 
6 20* 40* 60* 70 25 150 200 350 
8 25 50 70 85 30 200 250 500 
0 60 80 


As in other rocks, individual wells in sandstone vary greatly from 
the average yields according to local conditions. Practically 
no well in sandstone, however, unless near the immediate edge 
of a sharp drop, will fail to get some water, and under favorable 
conditions the supply may reach 1 000 gal. a minute or more, or 
upwards of a million and a quarter gallons per day. 


* Actual averages computed for ninety wells in Connecticut are 17, 43, and 64 gal. per minute 
respectively for slope, upland plain, and valley wells. (H.E. Gregory, United States Geological 
Survey, Water Supply Paper 232, p. 137, 1909.) 
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The diameter of the well is of more importance in drilling in 
sandstone than in most other rocks for the reason that water 
‘enters from every point on the sides and any increase of exposed 
area tends to increase the rapidity .of entrance of the supply. 
The effect is greatest in the silty sandstones. In the very open 
varieties the diameter is less important, as the water is often able 
to enter as fast as required by the pumps regardless of diameter. 
Large diameters are of advantage through the increased size of 
pumps that may be used. 

The small yield of wells of moderate depths (100 to 300 ft.) 
situated on slopes is due to the fact that, while the bottom of the 
well may be below drainage, the head of the water, which deter- 
mines its rate of entrance, is relatively low, owing to the drainage of 
the supplies from the upper rocks. Under hills and upland plains 
this leakage is not so important, and the yield of wells is notice- 
ably higher. Under broad plains the quantity afforded by a 
well approaches that given by one in the valley. Deep wells, 
under which head may be included those from 300 to 1 000 ft. 
or more in depth having not less than four fifths of their depth 
below drainage level, give still larger supplies. 

The yields of the table are for sandstones of the ordinary types. 
The dense hard varieties, such as occur in the vicinity of Boston, 
in Narragansett Bay region, etc., often approach quartzites in 
character. In such rocks the water supplies are determined by 
the jointing, and vary but little in quantity from those secured 
from quartzites and granites. 

Owing to the open character of the rock, adjacent wells in 
sandstone almost always interfere with one another if the with- 
drawal is in excess of the inflow from other parts of the rock. 
The yield of nearby wells may be less than 50 per cent. of the sum 
of their yields when pumped separately, but one well seldom robs 
the entire supply of its neighbors, as is sometimes the case in gran- 
ite, shale, and quartzite wells. When the water-bearing sandstone 
is of considerable thickness and the replenishment rapid, the 
wells may often be pumped to their full capacity without serious 
interference. 

The sandstones of the Connecticut Valley are medium grained 
and somewhat silty. Their average quantitative possibilities as 
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sources of public supply are fairly well shown by the table, al- 
though locally the supplies will run much higher. Their miner- 
alization must, however, be carefully considered in connection 
with any project for their development. 

In the West, the Dakota and other sandstones furnish water 
for scores if not hundreds of villages and towns, the consumption 
of some of which reaches several million gallons per day. Over 
broad areas these sandstones are unfailing sources of supply 
where the demand does not exceed one\or two million gallons a 
day. 

AVAILABLE GROUND WATERS IN CONGLOMERATES. 


Conglomerates are consolidated gravels. They consist of peb- 
bles of various sizes, the spaces between which were originally 
filled with sand or silt which has since hardened into a more or 
less firm bond. Since in all deposits of mixed materials the finer 
particles control the water movements, the conglomerates are 
usually to be classed with sandstones as regards their water-bearing 
capacities. The table of yields of wells in the latter is, in a general 
way, applicable to the conglomerates, although it is probable 
that, on the whole, the average yields of the conglomerate wells 
are slightly (15 to 20 per cent.) less than those in sandstones, for 
the reason that the porosities of the former are usually somewhat 
less than those of the latter, while they are also likely to be some- 
what more silty. 

In some localities the conglomerates have been so firmly 
cemented and the pores so completely filled with mineral matter 
that they have become hard, dense, and non-absorptive. The 
Boston conglomerates are typical examples of this class. In 
such cases the available water will be found largely, if not entirely, 
in the joint or similar seams, and the supplies will be essentially 
the same as indicated in the table for wells in granitic rocks. 


AVAILABLE GROUND WATERS IN CLAYS. 


Clays are of extended occurrence in New England, underlying 
the sandy surface alluvium of many of our river valleys and other 
depressions, as well as forming the foundation upon which rest 
certain of our broad sandy plains such as those of Cape Cod. - 
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Clays also underlie: the surface deposits throughout a large part 
of southern Maine and considerable areas of the Champlain 
valley of Vermont. 

ConTROLLING Factors. — As indicated in the table on page 
238, clays are among the most porous of any of our natural de- 
posits, ranging from 40 to 70 per cent., with a probable average 
of about 50 per cent. Those who have noted the network of 
great shrinkage cracks checking the surface of a dried mud flat, 
will appreciate how much of the original volume must have been 
water. 

The water held in the pores of clays amounts to 3.75 gal. per 
cu. ft., or 880 000 000 gal. within a radius of 500 ft. of a 300-ft. 
well. The storage within the limits indicated would, if available, 
supply 1000 000 gal. daily for a period of more than two years. 
Practically none of this, however, is directly available to wells, 
at least to those in the purer varieties free from sand. This is 
due in part to the tenacity with which the water is held by capil- 
larity, and in part to the fact that it is practically impossible to 
keep clay from entering a well with the water in sufficient quanti- 
ties to prevent its utilization. Anything that will shut out the 
clay, so that the water will enter free from turbidity, will prevent 
the entrance of the supply with sufficient rapidity to be of practical 
value. 

Clay, although not in itself an important producer of water 
supplies, is often of great value as a feeder. Its effect on the 
yield of the Boston wells has already been pointed out. That it 
yields clear water to underlying formations while affording turbid 
water to wells is due to the fact that in the former case the water 
seeps from broad areas with exceeding slowness, while in the 
latter, under ordinary conditions of pumping, the velocity of 
entrance of the water is such that the clay particles are carried 
along with it. 

YIELD oF WELLS IN Ciays. — Wells in pure clays yield practi- 
cally nothing under prevailing conditions of pumping. In many 
clays, however, there are interbedded streaks or strata of sand 
which sometimes yield considerable quantities of water, although 
seldom enough for public supplies. It is not practicable to tabu- 
late the yield of clay wells, but it may be said that, in general, 
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where any water at all is obtained the volume will not vary greatly 
from those indicated for horizontal shales (page 251). 


AVAILABLE GROUND WATERS IN GLACIAL TILL. 


Till is the geological term for the heterogeneous unstratified 
materials left by the glaciers formerly covering the northern 
half of this continent. In this vicinity it is a mixture of clay and 
bowlders with some sand, and is often known as bowlder-clay, 
It is the material of which Beacon Hill and most of the other hills 
around Boston and in the harbor are composed, as well as hundreds 
of similar hills in other parts of New England. Other and often 
more sandy varieties form the general sheet of glacial drift mantling 
the uplands throughout most of the New England states. 

ConTROLLING Factors. — The clayey varieties of till are similar 
in porosity and water-holding capacity to the clays, and likewise 
hold tenaciously to their supplies. In the more sandy and gravelly 
types, on the other hand, the conditions of storage, movement, 
and delivery to wells are more like those in true sands and gravels. 
All tills, however, are likely to be characterized by great varia- 
tions in composition and texture within short distances, as are 
also the intercalated layers of sand or gravel. The area drawn 
upon is, therefore, likely to be more restricted than in the rela- 
tively uniform and continuous stratified deposits. 

In New England, much of the till occurs in hills or as a compara- 
tively thin mantle over roek uplands and in situations topo- 
graphically unsuited to the development of large supplies. Lo- 
cally, however, there are thick deposits in the valleys, many of 
which are sandy and porous. In Ohio, Indiana, Michigan, and 
other parts of the central United States, the till forms a somewhat 
uniform sheet, often several hundred or even a thousand feet or 
more in thickness. This great accumulation practically always 
contains sandy or gravelly beds of considerable thickness. 

YreLD oF WELLS 1N Titus. — The yield of till wells varies 
according to the predominance of clay or sand, and to the presence 
of sand or gravel layers. .The more clayey varieties usually 
yield very little water, while the sandy types sometimes afford 
supplies approaching those of true sands and gravels. The 
estimated average yield is indicated in the following table. 
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TABLE 8. 


EsTIMATED YIELD OF WELLS IN TILL. 
(In Gallons per Minute.) 


Criarey TILLs. Sanpy TILts. 
Depth of Well.|Diam;, of 

(Feet.) inches.) Upland Upland 
Slopes. Plains. Valleys. Slopes. Pisins. Valleys. 
100-200 4 4 10 15 | 30 50 
ee 6 5 8 12 20 40 80 
- 8 6 10 15 25 50 100 

| 


The usual qualifications, already indicated for wells in other 
materials, apply to till wells. The yields for “sandy types” 
are for moderately sandy varieties. More porous varieties will 
approach sandstones or even pure sands in yield. 

The diameter of the well in the finer tills is a factor of much 
importance. Where it is found to be impossible to obtain the 
needed supply from the ordinary driven or drilled well, a large 
open well, often from 25 to 75 ft. in diameter, is sometimes suc- 
cessfully used for the development of public supplies. 

In general, where the till is of considerable thickness, and not 
too clayey, it will yield enough water for a small village, but unless 
sandy or containing sand or gravel layers of some thickness, the 
yield is seldom sufficient for the larger towns or cities. 


AVAILABLE GROUND WATERS IN SANDS AND GRAVELS. 


Sands and gravels are of such general distribution in New 
England that the enumeration of their areas is unnecessary. 
The greatest single sandy area is in southeastern Massachusetts, 
comprising Cape Cod and a large part of Plymouth County. 
The scattered areas are chiefly in river valleys or in broad basins 
between rock or till uplands. Outside of New England, the chief 
sandy formations are along the Atlantic coastal plain, the waters 
of which I described some years ago in a paper in the proceedings 
of the American Water Works Association.*: Extensive sandy 


* Proc. Am. W. W. Association, 1908, p. 292. 
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deposits also underlie the lower Mississippi Valley, while sandy 
drift, similar to that of New England, occurs throughout the 
glaciated area of the northern United States and Canada. 

ConTROLLING Factors. — The water-bearing capacities of sands 
and gravels are largely a factor of their porosities. Where the 
grains are all of the same size, the porosity is independent of their 
diameter. For instance, the large number of small pores in a 
sand are equivalent in volume to the comparatively small number 
of large pore spaces in a gravel. When, however, small grains 
fill the spaces between larger ones, as sand grains ,between the 
pebbles of a gravel, the porosities are much reduced. 


4. 


ARRANGEMENT OF SPHERICAL PEBBLES TO GIvE Maximum Porosity oP 
47.6 Per CENT. 


Although the size of grains in uniform sands or gravels does 
not affect the porosities, their arrangement is of great importance. 
When arranged in the loosest possible manner (Fig. 4), they have 
a porosity of 47.6 per cent.; where arranged in the most compact 
manner (Fig. 5), the porosity is only 26 per cent. The actual 
porosities in nature are usually about midway between the two. 

In laboratory tests, the porosities of uniform sands and gravels 
are found to be about 35 per cent., and of mixed pebbles and sand, 
which is the ordinary condition of our gravels, about 30 per cent. 


“a 
: 
j 
: 
; 
. 


266 ESTIMATION OF GROUND WATERS FOR PUBLIC SUPPLIES. 


Fie. 5. 


ARRANGEMENT: OF SPHERICAL PEBBLES TO GIVE Minimum Porosity oF 
25.9 Per Cent. 


(Fig. 6). In nature the materials are subject to pressure, 
due to the weight of the overlying deposits, equal to about 1 Ib. per 
sq. in. for every foot in depth. This pressure produces a com- 


pacting, according to laboratory experiments with pressures of 
from 0 to 100 Ib. per sq. in. made under my direction by 


Fia. 6. 


ARRANGEMENT OF SPHERICAL PEBBLES AND GRAINS OF DIFFERENT SIZES, 
GIvING VARIABLE POROSITIES, USUALLY FROM 20 To 30 PER CENT. 
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Mr. L. C. Cheminant in connection with some recent investi- 
gations for the city of San Francisco, of from 5 to 8 per cent., 
reducing the actual probable porosity in the ground by an equiva- 
lent amount. 

When water is withdrawn from a sand or gravel, a certain 
quantity remains behind as residual moisture, and is not yielded 
to wells. The quantity thus withheld varies with the size of 
the grain from 5 per cent. in the gravels to perhaps 20 per cent. 
in the finer sands or those approaching silts in texture. It still 
further reduces the effective porosities or available storage. 
The reductions due to compression and residual moisture are 
shown in the following table. The last column shows the quanti- 
ties of water actually available. 


- TABLE 9. 


EFFect OF Porosity DEDUCTIONS. 
(Per Cent. of Volume.) 


) 


Per 


Per Cent. 


Material. 


Tests.) 
ing Material. 


lyi 


nt. 


ent. 
Effective or Available 


Loss of Porosity Due 
to Weight of Over- 
Loss Due to Water 
Remaining in Pores. 
(Residual Moisture 

Per Cent. 


3 
é 


Porosity. 


Materials. 
tor 
C 


10-20 
15-25 
5-20 


Gravel (mixed sand and pebbles). . 
Sand (medium to coarse) 
Sand (fine and very fine) 


The quantity of water stored in the sands and gravels is not the 
only thing that must be considered. The real determining factor 
in a permanent supply is the rate of replenishment. In an in- 
closed basin or other area not receiving outside supplies, replenish- 
ment is mainly from the rainfall. The whole rainfall is, of course, 
not available, large deductions being necessary for evaporation 
and surface run-off. 

UNpDERFLOW MEASUREMENTS. — In sand and gravel deposits 
receiving contributions from outside their own areas, as is the 
case of most of the formations in stream valleys, a determination 
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of the rate of underflow is necessary to fix the quantity of acces- 
sions from sources other than rainfall. When replenishment 
occurs from a stream flowing over the surface of the deposits 
being drawn upon, a still further determination, that of downward 
percolation, is necessary. 

A fairly exact determination of the rate and volume of under- 
flow can be made by actual measurement by the electrical method 
devised by Prof. Charles 8. Slichter, of the University of Wisconsin 
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ARRANGEMENT OF WELLS IN UNDERFLOW Tests. (C.S.SLICHTER.) 


and the United States Geological Survey. In brief, the method 
consists in sinking four 2-in. wells in the form of a fan or triangle, 
as indicated in Fig. 7, the apex of the system being toward the 
supposed direction from which the water is moving. Common 
salt or ammonium chloride is inserted in the apex well and the 
time required for penetration into the other wells taken by electri- 
cal recording apparatus or determined from water samples taken 
and tested at short intervals. A view, showing the apparatus 
in use, is given as Plate XV, Fig. 2. Detailed accounts of the 
method and its applications are given in Water Supply Paper 110 
of the United States Geological Survey, pages 17 to 31, and in 
other Survey publications. 

The rate of percolation from streams is best determined by the 
Slichter method used in conjunction with a pumping test. 
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PLATE XV. 

N. E. W. W. ASSOCIATION. 
VOL, XXVII. 
FULLER ON 

GROUND WATER. 


ComMMoN ARRANGEMENT OF GRAINS IN SANDS, SHOWING LoosE PAcKING 
ORDINARILY PREVAILING. ENLARGEMENT 40 DIAMETERS. (ILLUS. 
FROM Rock Propwcts.) 


Fie. 2. 


View OF WELLS, WIRING, AND RECORDER IN UNDERFLOW Tests. (PHOTO. 
By U.S. Grou. Surv.) 
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Where a direct test is not made, it is possible to form an approxi- 
mate idea of the rate and volume of underflow by computations 
based on temperature, size of grain, porosity, head, etc. 
is not available to go into this question in the present paper, and 
the reader is referred to the report by Professor Slichter pub- 
lished by the United States Geological Survey as Water Supply 
Paper 67 (pages 24-30), in which formulas and tables for use 
in estimating underflows are to be found. Other valuable dis- 
cussions of the movements of water in sands are to be found in 
the reports of Allen Hazen and Prof. F. H. King.* 
stated that size of grain and temperature are factors of the greatest 
The flow through a sand whose effective size of 
grain is 1 mm. or about 5), in., which may be regarded as a fairly 
coarse sand, is 10 000 times that through a clay whose particles 
have an effective size of .01 mm. The flow at 70 degrees is about 


Space 


It may be 


Again, the movement of water through 


sands of the same size of grains varies with the nature of the pack- 
ing, a sand with a 40 per cent. pore space having a movement of 
2.6 times that through one of similar grain but with packing 
giving a 30 per cent. porosity. 

Something of the actual rates of underflow movements under 
ordinary conditions is indicated by the following table. 


TABLE 10. 


Common Rates oF UNDERFLOW. 
‘(After C. S. Slichter.) 


(Gradient or Head, 10 ft. per Mile; Porosity, 32 Per Cent.; Temperature, 


50° F.) 


Material. 


Movement in| Movement in 
Feet Feet 
per Year. per Day. 


Diameter of 
Grain in 
Millimeters. 


0.2 0. 52.8 0.145 
0.4 0.04 216.0 0.6 
0.8 0.16 845.0 2.3 
2.0 1. 5 386.0 14.76 


State Board of Health, 1892, p. 541. 


* Some Physical Properties of Sands and Gravels. 


Water. F.H. King, 59th Annual Report, United States Geological Survey, part 2, p. 59, 1899. 


Allen Hazen, Report of Massachusetts 
Principles and Conditions of the Movements of Ground 
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YIELD oF IsoLATED AREAS OF SANDS AND GRAVELS. — The 
yield of wells in isolated areas is dependent upon the inter-rela- 
tion of rainfall, evaporation, and run-off. Estimates of the 
quantities afforded under conditions prevailing in New England 
are given in the following table, in which part of the figures are 
the estimates of the New York Commission on Additional Water 
Supply, based on extended and detailed studies on Long Island in 
1903. 

TABLE 11. 

YreLp or IsoLaTeD AREAS OF SANDS AND GRAVELS. 


F Estimated Estimated Yield per | Acre Yield aa 
Rainfall. Estimated Run-off as Ground-water Acre Minute 
(Inches.) Evaporation. | Flood Flow. Increment. per Day. Ten-hour ae: 
(Inches.) (Inches.) (Inches.) (Gallons.) (Gallons.) 
35* 1116 1 
374 17 4 163 2 228 2.03 
40 17 5 1. ai 1339 2.23 
6* 193* 1451 2.41 
45 17 7 21 1562 2.60 


The foregoing table shows the limitations of yield where there 
are no ground water additions from outside sources. Under such 
conditions the yield is essentially dependent upon area. 

YIELD oF Non-ISOLATED AREAS OF SAND AND GRAVEL. — When 
additions from outside the area normally tributary to the wells 
occur, the supply is largely dependent upon the rate of underflow. 
The rate of movement in materials of different sizes has been 
indicated in the table on page 269. The following table shows the 
volumes that may be anticipated under varying conditions of 
porosity and movement. 

The figures in the table show the underflows passing given 
points before pumping has begun. They are the quantities which 
will normally be available to wells without material da aenaaial 
of replenishment conditions. 

After the pumps are started, the movement of the water will 
be greatly accelerated because of the increased gradient resulting 
from the local lowering of the water table near the well (see 


* Report of New York Commission on Additional Water Supply. W. E. Spear, p. 829, 
1903. 
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TABLE 12. 
TRANSMISSION THROUGH SANDS AND GRAVELS. 
(Per One Thousand Square Feet of Cross-section.) 
Head, 10 ft. per Mile; Temperature, 50° F. 


| 
- Porosity. Relative | Flow in Gallons 
Materials. Per Cent. Flow. | per Minute. 


Medium sand (Effective 
size, .4 mm.) 


Coarse sand (Effective 
size, .8 mm.) 


Fine gravel (Effective 
size, 2. mm.) 


NNR NNR bobo 


SESH 
SESSLS | 


Slichter, loc. cit., for tables, etc.). Moreover, since a_ heavily 
pumped well intercepts and utilizes the underflow ovér a much 
greater cross section than 1000 sq. ft., the supplies actually 
available at a given point will ordinarily be several if not many 
times the quantities indicated in the table. The amount and 
permanency of the supply that may be withdrawn in excess of the 
normal underflow will be regulated by the readiness with which 
replenishment by downward percolation from surface sources 
occurs. This, as previously indicated, is best determined by 
combined pumping and underflow tests. 

UTILIZATION OF ACCUMULATED SToRAGE. — The storage capaci- 
ties of sands and gravels are very great, and in many instances, 
even though the wells may be drawing from them faster than the 
water is replenished, the supplies may be sufficient to make it 
possible to postpone for many years the installation of more 
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expensive systems, with their attendant increased cost of main- 
tenance and higher interest charges. The following table shows 
the available supplies in materials of varying porosities after the 
necessary deductions for compacting and residual moisture have 
been made. The compacting and residual moisture factors 
are based on experiments made for the writer by L. B. Cheminant 
in the laboratories of the Department of Public Works of San 
Francisco in connection with ground-water investigations for 


that city. 


TABLE 13. 
SrorAGE IN SANDS AND GRAVELS. 
(Gallons per One Thousand Cubic Feet. Porosities are in per cent. of volume.) 


Undisturbed 
i Per 
Per Cent. 


nt. 


Material. 


r 1000 Cubic 


Ce 
Peet. 


rato 
Per 
Material. 
Cent. 
sidual Moisture. 
Per Cent. 
or Storage Capa— 
city. 
Storage in Gallons 


of 
Available Porosity 


Porosity by Labo- 
Test 
Deductions for Re- 


Probable Porosity 


Very fine sand (approaching 
silt) 


Fine sand 


Medium sand 


Coarse sand 


Gravel (mixed with sand) 


Applying the figures of the above table to a larger area, we 
find that a tract of sandy deposits one square mile in extent with 


| 
30 30 25 5 374 - 
30 30 20 10 748 me 
35 30 20 10 748 ae 
40 35 25 10 748 = 
40 | 35 20 15 | 1122 
30 | 30 15 15 | 1122 
35 30 15 15 | 1122 
40 35 10 20 | 1496 a 
30 30 10 20 | 1496 a7 
35 30 10 20 | 1496 
40 35 10 25 | 1870 - 
30 30 7 23 | 1720 
a 35 | 30 7 | 23 | 1720 = 
40 32: 7 25 | 1870 oa 
20 16 6 10 748 oe 
SC 25 21 5 16 1197 
30 25 5 20 | 1496 - 
35 27 4 22 | 1646 
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an average depth of saturation of 50 ft. and an available yield of 
15 per cent. should afford about 1 568 000 000 gal., or enough to 
supply a million gallons a day for 1 568 days, or nearly 43 years. 

Since, even in deserts, there are practically always more or 
less additions to the ground-water reservoirs through replenish- 
ment from rainfall or percolation from temporary or permanent 
streams, the length of time the accumulated storage within the 
ground may be drawn upon by a water-works system will depend 
on the difference between such replenishment and the quantity 
withdrawn rather than on the absolute storage. Since this differ- 
ence is often slight, at least as compared with the total volume of 
ground-water reserves, the probable life of a system under such 
conditions is often sufficient to warrant the installation of rela- 
tively expensive and permanent plants. 

SANDS AND GRAVELS AS SOURCES OF SUPPLEMENTARY SUPPLIES. 
— The utilization of sands and gravels as supplementary sources 
to eke out deficiencies of existing water supplies is often both 
practicable and desirable. This may be illustrated by the follow- 
ing hypothetical example, which, however, is probably fairly 
- representative of conditions existing at many points.* 


“ Let it be assumed that a town of 20 000 people using 1 000 000 
gal. daily has a reservoir holding sixty days’ supply, or 60 000 000 
gal., and that the inflow exceeds the consumption from December 


TABLE 14. 
ConDITIONS WITHOUT WELLS. 


Thirty Days Ending Deficiency. 


August 29 
September 28 
October 28 
November 27 
- December 27 


* Wells as Sources of Supplementary Water Supplies. M.L. Fuller, Engineering News, Vol. 
68, p. 474. 


4 
4 0 60 
to fill. 
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1 to June 1, while the deficiency between June 1 and December 1 
varies from 0 to a maximum of 700 000-gal. per day in August 
and September. Let us consider first what would happen if 
there were no supplementary supply available. This is indicated 
in Table XIV, in which figures are in million gallons. 

“Tt is seen that, in the absence of any supplementary supply, 
the reservoir would be emptied by the middle of October, and 
that’ for nearly two months the town would be without a reserve 
supply and dependent solely upon the daily inflow, which would 
be far below the demands. 


TABLE 15. 
CONDITIONS WITH WELLS. 


Thirty Days Ending pared supply. Reservoir 


August 29 
September 28 
October 28 
November 27 


“The condition with a supplementary supply from wells of 
only 200000 gal. daily, or a fifth of the total consumption, is 
shown by Table XV. This table brings out the fact that, notwith- 
standing the apparent insignificance of the ground-water supply 
and the large shortage in the regular supply, the town would go 
through the season of drought with undiminished consumption 
and with a minimum reserve equivalent to a twenty-four days’ 
supply as against two months of absolute exhaustion of reserve 
when the supplementary well supply was not available.”’ 


PROPER DEPTH OF WELLS. 


There is an almost universal belief that the quantity of ground 
water increases with depth, and if a well only “ goes deep enough ” 
an adequate supply is certain. This, however, is far from the 
truth. Practically all ground water has its origin in rainfall, 
and although there is a general tendency of the water to percolate 
downward, drilling and deep mining have repeatedly shown that 
beyond certain moderate depths. the supplies rapidly decrease, 
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many of the deeper wells and mines being practically destitute 
of water in their lower portions.* The chief causes of this 
absence of water are the tightening of the seams under pressure 
in jointed rocks, the filling of the pores by mineral deposition in 
the sandstones, the absence of outlets — without which the deep 
circulation of water is much impeded — in limestones, and the 
interposition of impervious beds of clay or shale in bedded rocks 
of any description. 

Unfortunately many drillers, although by no means all of them, 
have immediate profits rather than the future development of the ~ 
drilling business in view, and are inclined to urge their clients to 
continue drilling long after there are any reasonable prospects of 
success. They cannot see that a deep unsuccessful well such as 
the 3 700-ft. well of Belding Bros. Silk Company at Northampton, 
Mass., or the 4 000-ft. well of the Winchester Repeating Arms 
Company at New Haven, Conn., will do more to discourage 
drilling than several successful wells like the 350-gal. well of the 
New England Brewing Company at Hartford will do to encourage 
it. 

I presume that many drillers, in their optimism, will take excep- 
tion to the opinions here expressed. I venture, nevertheless, to 
present the following brief table of “‘ depth limits ”’ based on the 
investigations of myself and assistants for the Geological Survey 
in various parts of the country. 


TABLE 16. 
“ Deptu Limits”’ oF Rock WELLS. 


Quartzite 
Granite 


Limestone 
Sandstone (silty) 
Sandstone (open) 
Sands and gravels 


There will, naturally, be numerous exceptions to the limits 
indicated, but the additional yields below the depths shown will 
usually be exceedingly small. If the required volume has not 


* Total Amount of Free Water in the Earth’s Crust. M. L. Fuller, United States Geological 
Survey, Water Supply Paper 160, pp. 59-72, 1906. 
t Limits largely imposed by the mineralization of the deeper waters. 
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been secured at these depths, the chances of obtaining a supply 


from an entirely new well located 100 to 200 ft. or more from the 
first will ordinarily be at least five times as great as they will be 
in continuing the original well beyond the limits given. 

It should be noted that in the deeper wells the limitations are 
qualitative rather than quantitative, the waters from below 500 
ft.-in many of the limestones and below 1 000 to 1 500 ft. in the 
sands and sandstones often being too mineralized for industrial 


or boiler purposes and therefore unsuited for public supplies. 


CONCLUSION. 


In the foregoing pages, I have attempted to indicate the prob- 


able average yield of wells in the common types of rocks and 
unconsolidated deposits encountered in New England. That 
the supplies in individual cases will depart more or less widely 
from the estimates is not unlikely. Such variations are bound 
to follow any attempt to apply average estimates to localities 
at which the controlling conditions have not been established. 
Ground-water problems are seldom simple; and are not to be 


settled offhand. 


If given the proper attention, however, they 


are as susceptible of solution, as has already been stated, as are 
those of surface supplies. The sooner it is realized that guesswork 
and rule of thumb are not to be depended upon, but that real 
investigations are needed, the sooner will the seeking of ground 
waters be lifted to the plane of other branches of engineering 
and the sooner will the needless waste in ground-water develop- 


ments be stopped. 


If dependable estimates are vain as they should be in the 
development of public supplies or other projects involving the 
expenditure of considerable sums of money, the assistance of a 
competent engineer who shall have a grasp of the geological as 
well as the engineering problems will, it goes without saying, be 


desirable. 


Notwithstanding the occurrence and movements of ground 
waters are dependent almost entirely upon geological conditions, 
it is by no means the purpose of the writer to advocate the neces- 


sity of geological investigations alone, but rather to urge that 
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geology be recognized, along with hydraulic and mechanical 
factors, as one of the essential elements to a proper understanding 
of water-supply problems. 


DISCUSSION. 


Mr. ALLEN Hazen.* Mr. Fuller has given us a most interest- 
ing paper and one that contains information of permanent char- 
acter, and the Association is fortunate to have it available for 
reference in its pages. The paper treats of ground water from 
various rock formations most fully. In New England, the de- 
posits of sands and gravels are the most important sources of 
ground-water supply, and this part of the subject will need to be 
more fully covered on some future occasion. 

One aspect of the ground-water supply question has impressed 
itself forcibly upon the speaker’s attention in the last years. That 
is represented by what the speaker has sometimes called “‘ the 
coal mine basis ”’ of ground-water supply, which is a very different 
basis from the one that has been ordinarily studied, and which the 
author has mainly discussed in his paper. This grows out of the 
fact that there are in many places great deposits of sand and 
gravel, the pores of which are filled with water which can be drawn 
out and used, but which are so situated that when the water is 
removed it will take long periods, perhaps many years, to refill 
the pores with water. Where such deposits occur, it is sometimes 
possible to draw water from them for a time in much greater 
quantities than could be permanently supplied. Such a supply 
may be compared to a large lake with a small catchment area. 
Water can be drawn from such a lake at any desired rate as long 
as the supply lasts. 

I have in mind the case where a group of water companies in 
the course of a term of years supplied an increasing amount of 
ground water by driving more and deeper wells, and by so 
doing have lowered the ground-water level over some square miles 
of area to an extent ranging up to 50 ft. or more. This is not a 
permanent source of supply. They have been taking water out 
of an underground reservoir at a greater rate than the natural flow. 
The time will come when not only will it be impossible to secure 


* Civil Engineer, New York City. 
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additional water from this source, but it will be impossible to 
maintain the rate of output that has been reached while the ground- 
water level was being lowered. Other more distant and expensive 
sources of supply are clearly required to guarantee future condi- 
tions. Nevertheless the use of this ground-water supply has been 
profitable to the companies, and has brought them to a point 
where their financial resources will justify a larger and more 
permanent development. 

The whole operation is precisely similar to taking coal from a coal 
mine. The material is there, it can be taken out, it has a value 
and can be used at a profit, but when it is gone some other sources 
of supply must be found. 

A similar condition also occurs in gravels near and connecting 
with the ocean. Here it is sometimes possible to draw out the 
water in the voids at a much greater rate than it will be replaced, 
and in this case without lowering the ground-water level because 
the deficiency is made up by sea water which comes into the space 
in the ground to take the place of the fresh water that is drawn out. 
Ultimately, of course, sea water will penetrate to the wells and the 
water will become brackish, and the supply will have to be aban- 
doned. 

Mr. Futter. I fully agree with Mr. Hazen as to the impor- 
tance of sands and gravels as sources of public water supplies in 
~ New England. Only a few weeks ago I had occasion to recom- 
mend a source which, although the rate of replenishment might 
be less than that of depletion, had a reserve storage sufficient to 
furnish the required quantities for many years. 

Mr. WiuiAm 8. Jonnson.* I want to take issue with the 
author, Mr. President, on one point, and that is with regard to the 
value of a pumping test in the investigation of ground-water 
sources.‘ I have personally investigated some hundred pumping 
tests, and where the tests were thoroughly made and the results 
properly interpreted, they have never failed to give a correct 
interpretation both as to the quality and the quantity of the 
water. Furthermore, in many of these cases it would have been 
practically impossible to gain the information by any other means. 
In several cases in my own practice I have had courage enough 


* Sanitary and Hydraulic Engineer, Boston, Mass. 
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to go ahead and install works without a preliminary pumping test, 
and in two or three cases at least I have had cause to regret not 
having gone to the extra expense of such a test, as it would have 
shown things which I discovered to my sorrow after the works 
were built. 

Here in New England — and all of what I say applies to New 
England conditions only —there are no extensive deposits of 
sand or gravel unmixed with other material. It is only necessary 
to look at some railroad cut to see what the sand is here in New 
England, near the surface at least. There are streaks of fine 
sand, clay and other impervious material, the location and extent 
of which cannot be determined, even by the most expert geologist, 
and which may upset all calculations in getting a water supply. 
A pumping test takes all of these things into consideration and 
shows just what results are to be obtained under the conditions 
which actually exist without the necessity of theorizing on the 
basis of assumptions which may not be correct. 

A proper test is not “‘ putting down a test well and making a 
pumping test,” as referred to by the author. I agree with him 
that such a test is of very little value. A proper pumping test 
is a much more elaborate and expensive proposition. The Massa- 
chusetts State Board of Health has probably done more in this 
line of work than has been done anywhere in this country, and, 
as a result of their careful studies, not only of the results of the 
pumping tests but the results of the actual operation of the plants 
after construction, they have become able to so direct the test and 
to so interpret the results as to determine with practical certainty 
everything that it is necessary to know before installing the works. 

During a pumping test’ water should be drawn from the ground 
at a rate at least as great as it is expected that the draft will be 
after the works are in operation. The test should be continuous 
and should extend over a period of from a few days to a few weeks, 
depending upon the results which are obtained. Observation 
wells should be located in the vicinity and a complete record of 
the height of the water in the ground at various places should 
be kept during the test. Samples should be collected at fre- 
quent intervals for chemical analysis. 

After the test is completed observations on the wells should be 
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continued to show the recovery of the ground-water level after 
the draft ceases. With the results of such a test it is possible 
to foretell whether or not there would be any rapid deterioration 
of the water with continued draft from the ground and to tell 
within reasonable limits the quantity of water which the source is 
likely to yield continuously. 

A thorough pumping test is expensive, and in many cases it 
seems like a waste of money, especially when the tests prove 
unsatisfactory. There are cases where the conditions can be 
foretold without a pumping test with such a degree of certainty 
that a pumping test is unnecessary, but in the great majority 
of cases in New England the pumping test is very desirable, if 
not absolutely necessary, and the results show with certainty what 
may be expected of the source. 

Mr. Futter. I do not think that there is really any point at 
issue between us on the pumping question. In my paper, I 
have said that I do recommend pumping tests. Their limitations, 
however, must be clearly recognized if conclusions based upon 
them are to be depended upon. Mr. Johnson has mentioned the 
complicated character of the exposures in railroad cuts and else- 
where and emphasized the necessity of complete data, especially 
that furnished by proper pumping tests.. This is in direct line of 
what I am myself arguing for, namely, that all factors must be 
taken into account. The geological and physical conditions in the 
vicinity are vital factors of any water problem and must be given 
due weight in its consideration. Mr. Johnson and I are standing 
on the same ground, I think. Perhaps I expressed myself un- 
fortunately in calling attention to certain deficiencies, or to certain 
things a pumping test does not show, but when Mr. Johnson 
speaks of s pumping test interpreted properly, that interpretation 
including a physical and geological examination by an experi- 
enced party, I am most heartily and thoroughly in accord with 
him. 

I would like to hear what Mr. Weston has to say with regard to 
what can be told by a pumping test with regard to iron. That is 
a point with which I am not particularly familiar. 

Mr. Rosert 8. Weston. Regarding the presence of iron, I 
think there are a good many ground-water supplies in New Eng- 
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land which showed a practical absence of iron in the beginning, 
even after a prolonged pumping test, that after ten or fifteen 
years have shown increases varying from twenty-five to several 
hundred per cent. That is because the lateral movement of the 
water through the soil brings a great deal of organic matter to the 
vicinity of the well, and at that point there is not oxygen enough 
to burn it as fast as it comes. It accumulates, carbonic acid is 
produced; the iron is kept in solution, and instead of remaining 
in the soil in the form of an insoluble iron ore it is gradually dis- 
solved in the well in increasing amount. This is true of a number 
of supplies, concerning which the speaker showed a table two 
months ago.* 

Again, a pumping test of a short duration may not bring water 
from beneath a peat bog which may be at some distance away; 
this water may contain much iron. This phenomenon has been 
‘noticed in at least three cases in this state, and as soon as the peat 
bog water, or the water from beneath the peat bog, gets to the 
well, even though it comes from a distance, the iron suddenly 
appears in the supply. 


* JouRNAL N. E. W. W. A., Vol. 27, p. 23. 
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LEPTOMITUS IN DRINKING WATER. 


BY ROBERT C. SWEETSER, INSTRUCTOR IN CHEMISTRY, WORCESTER 
POLYTECHNIC INSTITUTE. 


[Read February 12, 1918.} 


In 1910 the water company which supplies a certain town in 
Massachusetts built a storage reservoir by damming a small 
stream which flows through a wooded region. The trees were 
cut down and removed, and the brush and débris were burned 
on the bed of the reservoir. None of the soil was removed. 
The entire area of about 400 acres drained by the stream which 
feeds the reservoir is uninhabited and covered with a growth of 
wood. It is inclosed by an impassable wire fence, and the only 
possible sources of pollution are a few deer, estimated at about 
sixteen, and smaller game. 

In the winter of 1910-11 the reservoir was allowed to fill and 
no water was drawn from it until the following June. When the 
gate was opened the water from the’ outlet pipe was directed up- 
ward twenty-five feet or more and then fell in a spray to the bed 
of the brook, which flowed to another reservoir about one mile 
below. The course of the brook below the upper reservoir is the 
original course of the stream before the-reservoir was built. The 
water as it spouted from the gate had a very pronounced and 
offensive odor, which could easily be detected fifty feet distant. 
Within a few days a vigorous growth of Leptomitus appeared in 
the upper portion of the brook, covering the entire bed of the 
stream in places, and hanging in tufts six inches long from twigs 
lying in the water. This growth and the strong offensive odor 
gave the stream a decidedly unsanitary character. It was cer- 
tainly unusual to see a stream whose character should be the best, 
judging from the ideal surroundings, assume such an appearance 
as this. There was, however, no evidence of either the fungus or 
the odor when the brook reached the lower reservoir, about a mile 
below. A chemical analysis of the water as it came from the gate 
gave high nitrogen as free and albuminoid ammonia, high color 
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and high oxygen consumed. (Table 1.) In other respects the 
water was about normal. Although the Leptomitus began its 
growth in the hot weather and flourished during the very hot 
July of 1911, the water of the brook was quite cold, having a 
temperature of 50° F. in the upper part of the brook where the 
growth was heaviest. 


TABLE 1. 
CHEMICAL ANALYSIS OF Brook WATER IN JUNE AND Juty, 1911. 


Parts per Million. 


1 2 3 a 5 
6-29-11 6-29-11 7-1611 7-13-11 7-13~11 
100 100 110 35 38 
Decidedly Distinctly Distinctly Slightly Slightly 
putrid vegetable vegetable vegetable vegetable ~ 
Total solids 58.0 
Fixed solids 23.5 
Volatile solids ; q : 13.0 
Free ammonia 0.008 
Albuminoid ammonia, 0.598 0.120 
Nitrites 0.0004 
0.05 
Oxygen consumed . . 5.0 


1. Outlet of upper reservoir. . 
2. Lower end of brook near lower reservoir. 
3. Lower end of brook near lower reservoir. 
4. Lower reservoir near gate house. 

5. Faucet in town. 


During the winter and spring months the gate of the upper 
reservoir was closed and the brook below was dry, the town taking 
its supply during this time from a lower reservoir. June 20, 1912, 
the gate was opened and by July 1 there was a heavy growth of 
Leptomitus in the stream, though the amount was considerably 
less than that of the previous season. At this time analyses 
were made of the water near the surface of the reservoir, 
as it came from the gate, and at the lower end of the brook con- 
necting the two reservoirs. The water near the surface of the 
reservoir had considerably less color, odor, free ammonia, and 
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oxygen consumed than the water as it emerged from the gate. In 
three out of four series of analyses, the free ammonia, which was 
high in the upper portion of the brook, had almost wholly disap- 
peared in the lower portion after flowing a distance of about one 
mile. (Table 2.) 


TABLE 2. 
CHEMICAL ANALYSES OF BrooK WATER IN AUGUST AND SEPTEMBER, 1912. 


Parts per Million. 


1 2 3 4 5 
Date of collection... 8-512 8-512 9-17-12 8-512 8-512 


Color, Hazen’s scale. 55 110 50 48 45 
Odor, Very slight Decidedly Slightly None None 
vegetable putrid putrid 
Odor, hot.......... Slight Decidedly Distinctly Very slight Very slight 
vegetable putrid putrid vegetable vegetable 
Total solids........ 48.0 59.0 51.5 39.0 42.0 
Volatile solids...... 18.0 24.0 30.0 18.0 18.0 
Fixed solids........ 20.0 35.0 21.5 21.0 24.0 
Albuminoid ammonia, 0.437 0.440 0.335 0.140 0.135 
Free ammonia...... 0.018 0.440 0.240 0.040 0.005 
0 0 0 0.004 0 
0.05 0.05 0.075 0.105 0.16 
Oxygen consumed... 11.80 13.00 13.4 7.56 7.40 


1. Reservoir No. 5. (Upper reservoir.) 
2. Outlet of reservoir No. 5. 

3. Outlet of reservoir No. 5. 

4. Brook just above sand filters. 

5. Outlet of sand filters. 


The foul condition of the water from the upper part of the brook 
is, without question, due to the stagnant water remaining for so 
long a time in contact with the organic matter in the bottom of the 
reservoir. This vegetable organic matter dissolved in the water 
and decomposing in the absence of oxygen was the cause of the 
formation of free ammonia and the offensive odors. The putre- 
faction of stagnant water at the bottom of a reservoir is, of course, 
by no means a rare occurrence, as it happens frequently at Lake 
Cochituate, Jamaica Pond, and elsewhere. 
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The burning of the brush on the bed of the reservoir just previ- 
ous to its being filled would necessarily leave a large amount of 
partially charred material which is more soluble than the unburned 
or the completely charred vegetable matter. This very likely 
increased the amount of organic matter in the water of the reser- 
voir during the first season it was used. Early in the summers of 
both 1911 and 1912 there was a heavy growth of alge in the reser- 
voir. It was thought at first that this might be a contributing 
factor to the Leptomitus growth in the stream below. The algz, 
however, soon after disappeared and were absent practically the 
rest of the season. 

Mr. Harrison P. Eddy has quite recently called the author’s 
attention to the conditions accompanying a growth of Leptomitus 
in the sewage effluent at Marlboro, Mass. Here the growth was so 
vigorous at one time that it covered the bed of the stream to a 
depth of four or five inches, but has since practically disappeared. 
An inspection of the chemical analyses of the samples taken during 
the whole period when the Leptomitus was present does not show 
the heaviest growth of the fungus at the times of highest free and 
albuminoid ammonia. (Table 3.) In general, however, it may 
be said that since 1910, when the growth was the heaviest, it has 


TABLE 3. 


Sewace EFFLuENT, Marueoro, Mass. 
Parts per Million. 


1909. 1910. 1911. 


28.96 16.47 21.73 
25.85 10.59 6.33 
25.70 13.20 12.63 


1.43 0.80 1.04 
0.71 0.29 
0.75 0.61 


5.59 5.82 
19.05 22.72 
12.56 14.78 
Leptomitus growth . i Heavy Medium Very slight 


| 
a 
1908. 1912. 
ee Free ammonia: 
Dec.-May....... 15.98 7.24 
June-Nov........ 23.44 2.75 
Jan.—Dec........ 22.27 5.05 
Albuminoid ammonia: 
Dec.-May....... 0.72 0.44 
June-Nov........ 1.21 0.23 
Jan.—Dec........ 1.10 0.34 
Nitrates: 
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been disappearing with the gradual improvement of the effluent, 
that is, as the free and albuminoid ammonia have decreased and 
the nitrates increased, the Leptomitus has almost disappeared. 
Another important fact in connection with the growth at Marlboro 
is that it was much heavier in the colder months. It is also seen 
from the analyses that, with the exception of 1908, the free and 
albuminoid ammonia was higher and the nitrates lower during the 
cold months. 

In 1899 the town of Westboro, Mass.,* was troubled with 
Leptomitus growing on the inner surface of the sewer pipes which 
conveyed the crude sewage to the filtration works. At times the 
quantity was so great as to completely obstruct the sewer so that 
the sewage would flow from the manholes. The sewer was laid for 
a considerable portion of its length in wet meadow land, and the 
leakage of ground water into the sewer pipes was excessive, esti- 
mated to be more than three times the volume of the sewage. 
After the rebuilding of the sewer and the exclusion of the greater 
portion of the ground water, this organism practically disappeared 
and no further trouble was occasioned by it. At Worcester, Mass., 
there is a growth of Leptomitus which occurs under conditions 
similar to those which existed at Westboro. In the early spring 
the pipe which conveys the raw sewage from the grit chamber to 
the Imhoff tank becomes clogged with this organism to such an 
extent that it is necessary to flush it out with a hose. The'growth 
appears at that time of the year when the chemical analysis of the 
sewage shows it to be diluted to a considerable extent with ground 
water, which leaks into the pipes. After the pipe is cleaned the 
growth does not appear again until the following spring. 

There seems to be very little literature on the subject of Lep- 
tomitus and the conditions favorable to its growth. It is com- 
monly known as a “ sewage fungus ” and its presence in a stream 
is considered evidence of sewage pollution in a marked degree. 
Thresh, in his ‘‘ Examination of Water and Water Supplies,” 
describes it as ‘‘ forming tufts of filaments like bits of cotton- 
wool, though often colored, adhering to stones, twigs, water plants, 
débris, ete. It is not found in crude sewage, as its growth requires 
that it should be aérated. It will not flourish in very impure 


* Report Massachusetts State Board of Health, 1903, p. 432. 
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LEPTOMITUS. 


Magnified about 750 times. 
(After drawing made by J. W. M. Bunker, Ph.D., Harvard University.) 
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water, but may grow luxuriantly in good sewage effluents.” 
Whipple speaks of it as ‘‘ being found in pipes conveying sewage, 
or on the banks of sewage-polluted streams.” : 

As free ammonia in large amounts is always present in streams 
in which Leptomitus growth occurs, a natural conclusion would 
be that the free ammonia is in some way responsible for this growth. 
Their occurrence together can also be explained on the assumption 
that they both result from the same cause. Fungous growths 
require organic matter for their food, and it is very probable that 
more complex decomposition products accompanying the formation 
of free ammonia are more important factors in the growth of this 
organism. Such decomposition products if they contain nitrogen 
are classed as albuminoid ammonia, as this term includes a large 
number of complex organic compounds, found in water and 
sewage, representing many stages of decomposition and all de- 
grees of stability. The high free and albuminoid ammonia and 
the very strong odor in the water from the outlet of the reservoir 
previously mentioned are decided indications that the organic 
matter was in a very active state of decomposition. The decrease 
of the free and albuminoid ammonia and odor, with the disappear- 
ance of the Leptomitus in the lower part of the stream leading 
from the reservoir, might be considered evidence that the albumin- 
oid ammonia exerts an influence on the growth of this fungus. 

-The conditions at Marlboro also indicate that that state of the 
effluent resulting in the formation of high free and albuminoid 
ammonia favors the growth of Leptomitus. 

Thresh’s statement, that Leptomitus requires a well-aérated 
water, is not perhaps in accordance with our ideas concerning the 
conditions favorable to its growth. We are familiar with gray 
fungous growths similar in appearance at least to Leptomitus, in 
water very foul with putrefying matter. In the work on ‘“ Sew- 
age Purification,” by Kinnicutt, Winslow, and Pratt, is the fol- 
lowing statement: “ An interesting change in the fauna and flora 
accompanies the gradual purification of a stream, and the approxi- 
mate completion of the task is made obvious, even to the eye, by 
the characteristics of plant growth. At points of extreme pollu- 
tion no green growth appears, but only molds and other colorless 
plants which require organic matter for their food. A grayish or 
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blackish mass of Leptomitus covers the rocks.” My observa- 
tions, however, made on the outlet of a drinking water reservoir, 
though limited, seem to confirm Thresh’s idea in regard to aéra- 
tion. This water was forced several feet into the air and fell in a 
spray to the brook in which were placed miniature dams to pro- 
vide as much aération as possible,-the object being to remove the 
foul odor. The bed of the brook is uneven and the heaviest 
growths appeared in the shallow places and where the water was 
agitated the most. 

Further analyses of the conditions affecting the growth of this 
fungus give evidence that the free and albuminoid ammonia are 
not the only factors. In Marlboro, during the years 1908 and 
1912, when there was only a small growth of Leptomitus in the 
effluent, the amount of free and albuminoid ammonia, particularly 
the free, was higher in some cases than in the outlet of the reservoir 
in which there was a large growth. Further, the growth in the 
Marlboro effluent was uniformly heavier in the cold months, but 
in the year 1908 the ammonias were higher during the warm 
months. These seeming inconsistencies do not necessarily indi- 
cate that the condition of the effluents, as indicated by the high 
free and albuminoid ammonia, is not a factor in the growth of the 
Leptomitus, but rather that there are other factors that influence 
the growth. In Westboro and Worcester, the Leptomitus grew 
very abundantly in the sewage diluted with a large amount of 
ground water, but would not grow in the strong sewage. In 
other words, an increase in the free and albuminoid ammonia was 
accompanied by the disappearance of this organism. In the out- 
let of the reservoir and in Marlboro the reverse was true; the 
fungus grew more abundantly in times of high free and albuminoid 
ammonia. These constituents of the sewage then apparently are 
not the sole cause of this growth; there is evidently another 
factor, and at Westboro this factor was quite conclusively shown 
to be dilution. Dilution and aération both produce the same re- 
sult, both increase the amount of dissolved oxygen in a sewage or 
water containing a large amount of organic matter. In the four 
instances cited in which the growth of Leptomitus was observed, 
there was more or less evidence that dissolved oxygen had a 
material influence on its growth, and the influence of the free and 
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albuminoid ammonia in some instances seems to be somewhat 
obscured and complicated by the amount of dissolved oxygen 
present. 

Heretofore, as far as is known, Leptomitus has not been re- 
ported as occurring in drinking water. Although the stream 
from the reservoir is without doubt unpolluted, its chemical 
composition is similar in many respects to that of a badly polluted 
water, the principal difference being that in this water the source 
of contamination is vegetable putrefying matter instead of animal. 
Such being the case, Leptomitus might be more properly called 
a “ foul-water fungus ” rather than a “‘ sewage fungus.” 

My conclusions drawn from the observations made of the 
growth of Leptomitus in the stream formed from the outlet of a 
reservoir, and from information gathered from other sources, are 
that aération or sufficient dilution and free and albuminoid am- 
monia or organic matter in an active state of decomposition are 
all favorable to the growth of this fungus. There is also con- 
siderable evidence that a low temperature favors its growth. And 
finally, that Leptomitus is not always an indication of sewage 
pollution. 

The observations upon which these conclusions are based are 
limited in number and incomplete, and I should be interested 
to know of observations by others which are either corroborative 
of or contradictory to them. 

It may be interesting to add that while the water as it came 
from the outlet of the upper reservoir in the town first mentioned 
had a color of 100-130, and a strong offensive odor, after flowing 
a mile through the brook to a lower reservoir, and from here 
through service pipes to the town, its color dropped to 40 and the 
odor had wholly disappeared. The foul condition of the brook 
lasted all summer, but the water in the town caused no complaints 
from the consumers. In an attempt to kill this fungous growth 
the brook was diverted from its course, and when the growth 
became troublesome in the brook in its new course, the water 
was turned back into its original channel, which in the meantime 
had been thoroughly cleaned. In this way the growth was in a 
large degree checked. Fragments of Leptomitus were continually 
becoming detached and floating down stream, and it was feared by 
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this means the growth might spread to the lower reservoir. To 
prevent this a wooden sluice-way was constructed in the stream 
and in this were placed cloth screens. This precaution proved 
unnecessary, as the growth did not extend down the stream to 
the screens. Later, sand filters were constructed at the lower end 
of the brook just as it enters the lower reservoir. There is no 
sedimentation of water before it runs on to the filters, and there 
forms on the filters a black deposit of decayed vegetable matter, 
which is evidently mixed with sufficient Leptomitus which has 
floated downstream to give the deposit a rather slimy consistency. 
This clogs the filters badly and necessitates scraping about every 
two days. The water from the filters is clear and odorless. 


DISCUSSION. 


Pror. T. Sepewick.* It is an old custom showing 
the early stages of a science, to affirm that a particular thing is the 
cause of some other thing, and the sole cause. Pasteur, for ex- 
ample, found that what he believed to be “‘ the ” vinegar microbe 
and also “the” microbe that would sour milk. But to-day we 
know that there are many microbes that will sour milk and quite 
a number that will feed on alcohol and produce vinegar. Then we 
used to hear much about “the” sewage fungus Beggiatoa. 
But we don’t hear so much about it nowadays. It is recognized 
that Beggiatoa may grow in sewage or it may not, and that you 
cannot be sure that you have got sewage wherever you get 
Beggiatoa. 

And so it has been with Leptomitus. The testimony has been 
that wherever Leptomitus is, sewage must be, or have lately been. 
When, therefore, Professor Sweetser told me that he had found 
Leptomitus in a drinking water stream flowing from a good 
reservoir, I saw that the Leptomitus myth had got to go; and I 
was quite ready to see it go, because I have always been skeptical 
about such simple things as the Leptomitus-sewage doctrine since 
I began to know about Pasteur and other cases. 

Now I think this paper is exceedingly interesting. It is in- 
teresting in a great many ways. In the first place, it shows once 


* Massachusetts Institute of Technology, Boston, Mass. 
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more that the bottoms of our reservoirs are, as we know, not in- 
frequently in a condition which to a layman would suggest sewage. 
Reductions go on there in the absence of oxygen which give rise 
to excessive amounts of free ammonia and to rearrangements of 
the albuminoid materials, and also to the diminution of nitrates. 
In other words, a whole lot of obscure changes are going on in the 
bottom of these reservoirs, which are now well known, of course, 
to you gentlemen, and yet when they were first worked out in this 
neighborhood by Mr. Stearns and Professor Drown and Mrs. 
Richards, and others, were a great surprise to all of us. You can 
draw up, as you know, from the bottom of a gocd many fine look- 
ing ponds. abominable looking water and abominable smelling 
water, just as you can sometimes get from deep wells water that 
is anything but attractive. 

And the reason is perfectly clear. There is oftentimes a lack of 
oxygen down there, and an abundance of microbes or, at least, a 
sufficient number of microbes capable of living under those condi- 
tions, and a lot of chemical changes take place there which yield 
undesirable and unexpected products. I have no doubt that 
under certain conditions the outflow taken from the bottom of a 
good many reservoirs might give support to Leptomitus and other 
fungi. But here is the first case I know of, reported and studied 
with thoroughness and painstaking care by Professor Sweetser. 

He has raised the question, What is it that supports the Lep- 
tomitus? Here again we naturally seek for a simple and easy 
explanation. I suggested to him that very likely it was the free 
ammonia. That was as good a guess as any other, because sewage 
contains free ammonia, and so does water from the bottom of many 
of our ponds. But, on the other hand, Leptomitus is a fungus, 
it is destitute of chlorophyll, and fungi ought not to live on free 
ammonia; they ought not to have much to do with nitrates. They 
have got to have richer food than either of those. And so we have 
to turn to the albuminoid ammonia, — that unknown land in 
which so many chemical compounds exist, and where so many 
things go on that nobody knows anything about. “The things 
represented by albuminoid ammonia we know very little about; 
they may be of one sort or another. Apparently they are of many 
sorts. And it would seem that among these, together with the 
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presence of oxygen and, perhaps, the presence of considerable free 
ammonia, chemical rearrangements take place by which this 
organism gets a natural and necessary food. But what that 
natural and necessary food is, no man knows. Each organism is 
more or less delicately adjusted to its environment, and its environ- 
ment more or less delicately adjusted to it. 

When we think of Leptomitus growing near the mouths of 
sewers, as we find it, for example, in the Nashua River at Fitch- 
burg, down below some of the sewer outfalls, you have got a good 
deal the condition described by Professor Sweetser as probably 
requisite, namely, decomposing organic matter, which in a chemi- 
cal analysis would appear largely as albuminoid ammonia, free 
ammonia, oxygen brought in by the flowing stream, and dilution. 
At any rate, never again shall we be able to say that Leptomitus 
certainly indicates sewage pollution. All we can say is that it 
apparently means foul water. We don’t get it growing in waters 
even when they are high in albuminoid ammonia or even when 
they contain a great deal of free ammonia, after they are aérated. 
We get it, apparently, connected with putrefaction in some way, 
either putrefaction at the bottom of a reservoir or putrefaction in 
a sewer. 

Mr. Rosert 8. Weston.* I had occasion to observe this 
Marlboro effluent brook and can testify as to the abundance of 
growth at one time and to the disappearance of the organisms after 
the condition was better. I am inclined to think that there must 
be some condition of the organic matter produced by decomposi- 
tion in the bottom of a reservoir, where it is in such a condition 
that it rapidly (with the help of Leptomitus) unites with oxygen, 
when exposed in a brook. Ordinarily the organic matter, as I 
understand it, undergoes a rather slow decomposition through the 
agency of bacteria, but here the fungus seems to take the place 
of the bacteria and effects a very rapid change in the organic 
matter which has been prepared by decomposition for the growth 
or as the food of the Leptomitus. 

A man named O. Spitta, in Berlin, has done a great deal of work 
on the charaeter of the Spree River as it flows through Berlin, 
and has found around sewer storm overflows in the Spree, where 


* Consulting Sanitary Engineer, Boston, Mass. 
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there has been a good deal of decomposed sewage going into the 
water, zones of alge, and these zones, not only of alge but of fungi, 
grow right at the outlets of the sewers. It seems as if these cases 
are analogous to those of Professor Sweetser. 

I remember observing when in Beverly last fall with Mr. Black- 
mer a rather highly contaminated water from a brook draining 
the bottom of a reservoir, and flowing into a lake, where for a 
space of 20 ft. out from the point of entrance were numbers of 
organisms, evidently scavengers waiting for the digested organic 
matter which was being carried from the brook into this lake. 
Probably further investigations by Professor Sweetser would show 
that there is the same preparation of organic matter in the bottom 
of a reservoir which makes so good a food material for the Lep- 
tomitus, that a little aération causes the two to combine readily 
and oxidize the water more rapidly than by bacterial oxidation. 


‘ 
. 
| 
: 
. 


PROCEEDINGS. 


PROCEEDINGS.. 


HoTeL BRUNSWICK, 
Boston, Mass., February 12, 1913- 


The President, Mr. J. Waldo Smith, in the chair. 
The following members and guests were present: 


Honorary MEMBERS. 
W. T. Sedgwick and F. P. Stearns. — 2. 


MEMBERS. 


C. H. Baldwin, A. F. Ballou, L. M. Bancroft, G. W. Batchelder, A. E. 
Blackmer, J. W. Blackmer, C. A. Bogardus, Dexter Brackett, E. C. Brooks, 
George Cassell, J. C. Chase, R. D. Chase, A. O. Doane, E. D. Eldredge, F. F. 
Forbes, M. L. Fuller, A. S. Glover; J. A. Gould, F. H. Gunther, R. A. Hale, 
R. K. Hale, A. R. Hathaway, M. F. Hicks, A. V. Howes, J. L. Hyde, G. R. 
Jones, F. T. Kemble, E. W. Kent, Willard Kent, G. A. King, N. A. McMillen, 
A. E. Martin, W. E. Maybury, John Mayo, J. H. Mendell, F. E. Merrill, 
Leonard Metcalf, H. A. Miller, William Naylor, T. A. Pierce, H. E. Perry, 
L. C. Robinson, C. W. Sherman, J. Waldo Smith, G. H. Snell, F. N. Speller, 
G. A. Stacy, R. H. Stearns, E. L. Stone, H. L. Thomas, R. J. Thomas, J. L. 
Tighe, E. J. Titeomb, G. W. Travis, C. H. Tuttle, W. H. Vaughn, R.S. Weston, 
F. I. Winslow, G. E. Winslow, I. 8. Wood. — 60. 


ASSOCIATES. 

Builders Iron Foundry, by A. B. Coulters and D. K. Bartlett; Chapman 
Valve Manufacturing Company, by J. F. Mulgrew; Darling Pump and Manu- 
facturing Company, Ltd., by H. M. Pickersgill; Hersey Manufacturing Com- 
pany, by Albert S. Glover and W. A. Hersey; Lead Lined Iron Pipe Company, 
by T. E. Dwyer; Ludlow Valve Manufacturing Company, by A. R. Taylor; 
H. Mueller Manufacturing Company, by G. A. Caldwell; National Meter 
Company, by C. H. Baldwin, J. G. Lufkin, and H. L. Weston; Neptune Meter 
Company, by H. H. Kinsey and R. D. Wertz; Platt Iron Works Company, 
by F. H. Hayes; Rensselaer Valve Company, by C. L. Brown; Thomson 
Meter Company, by E. M. Shedd; Union Water Meter Company, by E. K. 
Otis; Water Works Equipment Company, by W. H. Van Winkle and W. H. 
Van Winkle, Jr.; R. D. Wood & Co., by H. M. Simons; Henry R. Worthing- 
ton, by Samuel Harrison and W. F. Bird; National Tube Company, by H. T. 
Miller. — 24. 

GUESTS. 

Prof. R. C. Sweetser, Henry C. Page, Worcester, Mass.; George W. Barrett, 

Lowell, Mass.; Harry Greenhalgh, Fall River, Mass.; E. H. Eldredge, Onset, 
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Mass.; I. M. Lowe, East Weymouth, Mass.; F. N. Strickland, Westfield, 
Mass.; George G. Manuel, Natick, Mass.; J. E. Parker, Somerville, Mass., 
Z. R. Forbes, Brookline, Mass.; and J. Siegel, Cleveland, Ohio. — 11. 


The Secretary read the minutes of the annual meeting, and no 
objection being made, they were declared approved. 

An application for membership was presented from M. S. Fuller, 
Winslow, Me., trustee Kennebec Water District, properly recom- 
mended and endorsed by the Executive Committee. The Secre- 
tary was instructed to cast the ballot of the Association in favor 
of the election of Mr. Fuller, and he having done so the gentleman 
was declared duly elected a member of the Association. 

THE PRESIDENT. We all regret that there are not more new 
members coming into the Association. Those of us who were 
here last month remember that there was reported a net falling 
off for the year 1912. This is a matter that the officers of the 
Association cannot do much about, but it is something that every 
member should take a vital interest in, and each one of us should 
try to induce some one to join the Association. I would suggest 
that before the next meeting we all try and see if we cannot bring 
in a new member, so that the membership of the Association may 
be put back to where it was and show an increase. 

The Secretary has received the following letter, which I will 
read: 
BureAU OF WATER. 
DEPARTMENT OF PuBLIc WoRKS. 


City oF PHILADELPHIA. 
Feprvuary 10, 1913. 
Mr. Wittarp KEnt, Secretary, 
New ENGLAND WATER Works ASSOCIATION, 
TREMONT TEMPLE, Boston, Mass. 

Dear Sir, — On behalf of the Bureau of Water of this city, I extend a very 
cordial invitation to the New England Water Works Association to hold its 
next September convention in Philadelphia. 

I do not recall that the Association has ever met in this city, and it is a 
number of years since it has met in this vicinity. 

I think the members of the Association will find a great deal of interest not 
only in the water supply, but in the city itself. 

Very truly yours, 
(Signed) Carteton E. Davis, 
Chief of Bureau. 
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At a meeting of the Executive Committee this morning, after 
views had been expressed by the different members, it was voted 
to hold the next annual convention in Philadelphia the second 
week in September, on Wednesday, Thursday, and Friday. 

In this connection I may say that I saw Mr. Davis about two 
weeks ago and he brought the matter to my attention and said 
that both the director and himself were very much interested and 
were very anxious that the Association should come to Phila- 
delphia, and that they believed without doubt they could make it 
not only interesting but very pleasant for the members during 
three days’ stay in the city. It seems to me that it is a very excel- 
lent opportunity for us to go there now as there is so much of 
interest for water-works people in the filtration and pumping 
plants; and it is a particularly favorable time, perhaps, for one of 
our members holds a prominent position down there under a re- 
form administration which is trying to do great things for Phila- 
delphia. The mayor is a very interesting man, always very 
cordial to strangers, and I think those of us who had the pleasure 
of enjoying the hospitality of the city last fall will heartily endorse 
our choice of the place for our next annual meeting. 

Mr. Brooks has a matter he would like to bring to your attention. 

Mr. Epwin C. Brooxs.* I have been requested to ask the 
following question: ‘‘ Does any city, town, or water company, 
where there are two or more tenements in a house, set meters to 
cover the use of each tenement separately, and if meters are thus 
set, are the bills made to the owner or to the tenants?”’ I have 
been requested to ask if any of the members know of any cases 
where that is the practice. 

Mr. Greorce W. Travis. In Natick we have several such 
cases, and we insist that the meters be set separately for each 
tenement. The bills are sent as an accommodation to the tenants 
but charged to the owners. 

Mr. Francis T. KemBie. We have the same in New Rochelle. 
We insist on separate meters. 

Mr. Lewis M. Bancroft. The same in Reading. 

A Memser. The same in Wellesley. 

Mr. Ratpu H. Stearns. At Hartford meters are only set 


* Superintendent Water Works, Cambridge, Mass. 
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separately for the different apartments of a tenement when re- 
quested and the extra meters paid for by the property owners. 
The bills for water are always rendered to the owners. 

Mr. Witiiam Naytor. Our rules in Maynard provide that 
one meter shall be set on a service. If parties want to divide 
the service we set the meters and charge $1.25 a year for them, we 
laying the necessary pipe to the meters, and the bills are made out 
to any one the owner wishes. The owner of the property, however, 
is held responsible. 

Tue Presipent. At the annual meeting a report was received 
from Mr. Baker, the chairman of the Conservation Committee, 
enclosing a letter from Mr. Pinchot upon the subject of national 
forest lands, asking that the Association take action favoring 
the retaining of the control of public forest lands in the national 
government rather than passing it over to the several states. A 
vote was passed requesting the chairman of the committee to 
prepare a resolution to submit at this meeting, and I have the 
following from Mr. Baker: 


505 Peary Street, New York, 
Fesruary 7, 1913. 
Mr. Witiarp KEnt, Secretary, 
New WaTER WorKS ASSOCIATION, 
TREMONT TEMPLE, Boston, Mass. 

Dear Sir, — In accordance with what I understand was the expressed desire 
of the Association, at its January meeting, I have drafted a resolution for sub- 
mission to the Association, against the turning over of national forest lands to 
theseveral states. The resolution is as follows: 


“* Resolved, that it is the sense of the members present at this meeting that 
the public forest lands of the United States should be retained in the control 
of federal government and should not be turned over to the several states 
within which such lands are located. 

“ Be it further resolved, that a copy of these resolutions be sent to the Con- 
gressmen representing the New England states and to the Congressmen of 
such other states as the President and Secretary in their discretion may elect.” 

Respectfully submitted, 
(Signed) M. N. Baker, 
Chairman Conservaticn Committee. 


This resolution is proposed for adoption; what will you do with. 
it? 
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Mr. Frederic P. Stearns moved that the resolution be adopted, 
and it was adopted by a unanimous vote. 

The President then announced that the paper presented at the 
annual meeting by Robert J. Thomas, on ‘‘ The Water Works of 
the City of Lowell and Some Recent Improvements,’ discussion of 
which was at that time postponed on account of the lateness of the 
hour, was now before the Association. The discussion was opened 
by Mr. Thomas, and was participated in by Mr. F. F. Forbes, 
Mr. Robert 8. Weston, and Mr. R. D. Chase. 

Prof. Robert ©. Sweetser, Worcester Polytechnic Institute, 
Worcester, Mass., then read a paper on “‘The Occurrence of 
Leptomitus in a Drinking Water Stream.’”’ The paper was dis- 
cussed by Professor Sedgwick and Mr. Robert S. Weston. 

A paper prepared by Mr. William R. Conard, inspecting en- 
gineer, Burlington, N. J., in the absence of Mr. Conard was read 
by Mr. George A. Stacy. It was discussed by Mr. — Mr. 
Leonard Metcalf, and Mr. Robert 8. Weston. 

Mr. Charles W. Sherman, principal assistant engineer with 
Metcalf & Eddy, Boston, Mass., gave an account of a visit he 
recently made to Cuba and a description of certain features of the 
water-supply plant for the United Fruit Company’s plantations. 

Mr. Leonard Metcalf called the attention of the members to a 
matter upon which he was at work, with a committee of the 
American Water Works Association, in which he desired the 
assistance of the members of the New England Water Works 
Association. He said: 

‘“* We are trying to assemble information concerning the practice 
in this country as to charging for private fire protection service. 
A circular will be sent out by the American Association very 
shortly, asking for information: first, as to the sizes of taps per- 
mitted and the charges made; second, as to the method of locating 
private fire hydrants; and, third, as to sprinkler systems. I should 
be very grateful to any of you who will send me a schedule of 
charges which you have in your works for that class of service. 
I am very anxious to see what the practice is in different parts of 
the country, and to see if the practice cannot be standardized. 

‘“T am glad to say that the insurance men have taken a very 
friendly attitude, and I hope that we can get together on a standard 


| 
Bp 
j 
j 
| 
| 
=, 
| 
| 
| 
} 


PROCEEDINGS. 299 


practice in a way which will be to the advantage of all con- 
cerned. 

““T may say that in the paper which I presented before the 
American Association a year or two ago, in connection with Mr. 
Kuichling and Mr. Hawley, on the reasonable basis for fire protec- 
tion charges, we were dealing with public fire protection. This 
inquiry which is now making deals essentially with private fire 
protection.” 

THE PRESIDENT. I think this inquiry will bring out a great 
deal of interesting information, and will show that there is-a 
wide divergence in practice in relation to charging for so-called 
fire supply. It seems to me, perhaps, the private water com- 
panies, who are in the business commercially, will in this case be 
able to contribute to the general information. 

Adjourned. 


HoTeL BRUNSWICK, 
Boston, Mass., March 12, 1913. 


The President, Mr. J. Waldo Smith, in the chair. 
The following members and guests were present: 


MEMBERS. 


C. H. Baldwin, A. F. Ballou, L. M. Bancroft, F. A. Barbour, F. K. Betts, 
A. E. Blackmer, J. W. Blackmer, C. A. Bogardus, Dexter Brackett, G. S. 
Brown, G. A. Carpenter, J. C. Chase, R. D. Chase, R. C. P. Coggeshall, 
M. F. Collins, J. H. Cook, J. A. Cushman, E. D. Eldredge, G. F. Evans, F. F. 
Forbes, A. D. Fuller, M. L. Fuller, F. J. Gifford, A. S. Glover, R. A. Hale, 
F. E. Hall, A. R. Hathaway, Allen Hazen, H. G. Holden, J. L. Howard, A. C. 
Howes, J. L. Hyde, W.S. Johnson, E. W. Kent, Wiilard Kent, Patrick Kieran, 
G. A. King, Morris Knowles, N. A. McMillen, A. E. Martin, W. E. Maybury, 
G. F. Merrill, H. A. Miller, William Naylor, F. L. Northrop, T. A. Peirce, 
L. C. Robinson, P. R. Sanders, A. L. Sawyer, J. Waldo Smith, G. H. Snell, 
W. F. Sullivan, L. D. Thorpe, J. L. Tighe, D. N. Tower, C. H. Tuttle, W. H. 
Vaughn, R.S. Weston, G. C. Whipple, G. E. Winslow and H. B. Wood. — 61. 


ASSOCIATES. 


Builders Iron Foundry, by A. B. Coulters and F. N. Connet; Chapman 
Valve Manufacturing Company, by C. E. Pratt and J. F. Mulgrew; Engineer- 
ing Record, by I. S. Holbrook; Hersey Manufacturing Company, by Albert 
S. Glover and W. A. Hersey; Lead Lined Iron Pipe Company, by T. E. Dwyer; 
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Ludlow Valve Manufacturing Company, by A. R. Taylor; Charles Millar 
& Son Co., by C. F. Glavin; Mueller Manufacturing Company, by G. A. 
Caldwell; National Meter Company, by C. H. Baldwin, J. G. Lufkin, and 
H. L. Weston; Neptune Meter Company, by R. D. Wertz and H. H. Kinsey; 
Norwood Engineering Company, by C. E. Childs; Pittsburgh Meter Company, 
by V. E. Arnold and J. N. Turner; Platt Iron Works Company, by F. H. 
Hayes; Rensselaer Valve Company, by F. 8. Bates and C. L. Brown; A. P. 
Smith Manufacturing Company, by F. L. Northrop; Thomson Meter Com- 
pany, by E. M. Shedd; Water Works Equipment Company, by W. H. Van 
Winkle, Jr.; R. D. Wood & Co., by H. M. Simmons; Henry R. Worthingt n, 
by W. F. Bird. — 27. 


GUESTS. 


C. W. Gilbert, Woburn, Mass.; Burt B. Hodgman and O. L. Lincoln, 
New York, N. Y.; Jack Siegel, Cleveland, Ohio; Robert Robertson, water 
-commissioner, Beverly, Mass.; Harry’ Greenalch, Fall River, Mass.; J. E. 
Parker, Somerville, Mass.; F. M. Strickland, Westfield, Mass.; Wm. Tierney, 
Dayton, Ohio; Frederick E. Tupper, Quincy, Mass.; Arthur E. Hatch, 
Boston, Mass., and Frank Morsburg, Attleboro, Mass. — 12. 


The Secretary presented applications for membership, properly 
endorsed and recommended by the Executive Committee, from 
the following: 

Thaddeus Merriman, Essex Falls, N. J., assistant to chief 
engineer, Board of Water Supply, City of New York; Milton W. 
Davenport, New Britain, Conn., chemist, City of New Britain 
Water and Sewage Works; Richard H. Gould, Poughkeepsie, 
N. Y., with R. J. Harding, consulting engineer; J. Stewart Buzby, 
Moorestown, N. J., principal assistant with W. R. Conard, Burling- 
ton, N. J.; Robert C. Sweetser, instructor of chemistry, Worcester 
Polytechnic Institute, Worcester, Mass.; P. J. Kelley, Salem, 
Mass., director Public Works; Willard M. Gooding, Berlin, N. H., 
assistant with R.S. Weston, and acting superintendent, Berlin, 
N. H., Water Company; Joseph E. Conley, Norwood, Mass., 
superintendent Sewer and Water Department; William R. 
Edwards, Paterson, N. J., superintendent Meter Department, 
Passaic Water Company, Paterson, N. J.; James A. McMurray, 
Dorchester, Mass‘ engineer Water Service, Public Works Depart- © 
ment, City of Boston; Frank Mossburg, Attleboro, Mass., water 
commissioner. 

On motion of Mr. Thomas A. Peirce, the Secretary was in- 
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structed to cast the ballot of the Association in favor of the appli- 
cants whose names had been read, and he having done so they 
were declared elected members of the Association. 

The report of the Committee on Water Consumption and Statis- 
tics Relating Thereto, Leonard Metcalf chairman, Frank J. 
Gifford, and William F. Sullivan, was then presented. It was 
discussed by Messrs. Metcalf, Allen Hazen, Morris Knowles, 
A. F. Ballou. . 

Mr. George C. Whipple, professor of sanitary engineering, 
Harvard University, then presented a synopsis of his paper, 
which was read by its title at the February meeting, on ‘‘ De- 
carbonation as a Means of Removing the Corrosive Properties of 
Water.” 

Mr. Richard A. Hale moved that the discussion of the paper be 
poscponed until the annual convention in September. 

THE PresipENT. I think it is important that this paper should 
receive a full discussion, and between now and the time of the 
annual convention the paper will have been printed and every one 
will have had an opportunity to study it and be in position to 
present such discussion as is desired. 

The motion to postpone the discussion was adopted. 

Mr. Myron L. Fuller, geological engineer, Boston, Mass., then 
read a paper entitled, ‘‘ Quantitative Estimation of Ground 
Waters for Public Supplies.” The paper was discussed by Mr. 
Allen Hazen, Mr. William 8S. Johnson, and Mr. R. 8. Weston. 

THE PreEsIpDENT. Before the adjournment of this meeting, I 
want to call attention again to the report which has been presented 
this afternoon on water’ consumption and the statistics relating 
thereto. This Association has always enjoyed an enviable reputa- 
tion for the high character and the completeness and usefulness 
of the reports presented from time to time by the special commit- 
tees; and this report which has been presented this afternoon is 
not only of great importance but of great interest to every water- 
works man. I earnestly request that the members will not put 
this away in a pigeonhole, but will examine it at an early day, and 
will communicate: their views to the chairman of the committee, 
Mr. Metcalf, or to the Secretary of the Association, Mr. Kent. 
It may look rather formidable, but the recommendations are not 
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so numerous, and certainly every one can examine the recom- 
mendations and present his views regarding them. 

Mr. ALLEN Hazen. Mr. President, we had a committee on 
meter rates, some vears ago, of which Mr. Coffin was chairman, 
and he made a report which is a classic. He treated the subject 
in a way it had never been treated before. But since that time 
there have been many developments in water-works management, 
and I think that the time has now arrived when the meter rate 
question can be taken up and standardized to a greater extent 
than it has been, with great advantage to the Association. I 
therefore move that a committee be appointed to take this 
matter up and to report at some later date. 

THE PresIpDENT. How shall the committee be appointed, Mr. 
Hazen? 

Mr. Hazen. Following the custom, I think it would be for 
the chair to appoint the committee. 

THE PRESIDENT. Will you suggest the number of the com- 
mittee? 

Mr. Hazen. I think that will be within the discretion of the 
President. 

The motion was adopted. The President subsequently ap- 
pointed the following committee: Messrs. Allen Hazen, Charles 
R. Bettes, Arthur E. Blackmer, Allen W. Cuddeback, and James 
L. Tighe. 

Adjourned. 


Bass Pornt, June 11, 1913. 


The June meeting of the New England Water Works Associa- 
tion was held at Bass Point and Beverly, Mass., on June 11, 1913. 
The following members and guests were present: 


MEMBERS. 


J. M. Anderson, H. B. Andrews, L. M. Bancroft, A. E. Blackmer, J. W. 
Blackmer, E. C. Brooks, F. L. Cole, John Doyle, E. D. Eldredge, G. F. Evans, 
M. L. Fuller, T. C. Gleason, A. 8. Glover, R. K. Hale, F. E. Hall, G. A. 
Heffernan, J. L. Howard, A. C. Howes, Willard Kent, G. A. King, C. F. Knowl- 
ton, J. N. McKernan, H. V. Macksey, D. E. Makepeace, W. E. Maybury, 


or 
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John Mayo, F. E. Merrill, H. A. Miller, F. F. Moore, F. L. Northrop, 
C. D. Peirce, J. J. Philbin, A. L. Sawyer, J. Waldo Smith, Sidney Smith, G. H. 
Snell, G. A. Stacy, G. T. Staples, R. L. Tarr, E. J. Titeomb, L. J. Wilber, 
F. B. Wilkins, F. I. Winslow and G. E. Winslow. — 44. 


ASSOCIATES. 


Ashton Valve Company, by H. H. Ashton; Chapman Valve Manufacturing 
Company, by H. L. DeWolf; Hersey Manufacturing Company, by Albert 
S. Glover; Lead Lined Iron Pipe Company, by T. E. Dwyer; Ludlow Valve 
Manufacturing Company, by A. R. Taylor; Charles Millar & Sons Co., by 
C. F. Glavin; National Meter Company, by J. G. Lufkin; Neptune Meter 
Company, by H. H. Kinsey and R. D. Wertz; Pittsburg Meter Company, 
by J. W. Turner; Rensselaer Valve Company, by C. L. Brown; Ross Valve 
Manufacturing Company, by Wm. Ross; A. P. Smith Manufacturing Com- 
pany, by F. L. Northrop and D. F. O’Brien; Thomson Meter Company, by 
E. M. Shedd; Union Water Meter Company, by F. E. Hall; Water Works 
Equipment Company, by W. H. Van Winkle, Jr.; R. D. Wood & Co., by 
H. M. Simons; Henry’R. Worthington, by Samuel Harrison and W. T. 
Bird. — 20. 


GUESTs. 


Mrs. H. H. Kinsey, Mrs. F. I. Winslow, Mrs. H. A. Miller, Mr. Horace 
Carpenter, and Mr. V. B. Perry, Boston; Mr. F. S. Hamlin, Mrs. E. C. Brooks, 
Cambridge; Mrs. G. T. Staples, Miss Grace M. Staples, Dedham; Mrs. L. M. 
Bancroft, Reading; Mr. Patrick Gear, Miss Catherine Sullivan, Miss Ellen 
Hanley, Holyoke; Mrs. George E. Winslow, Waltham; Miss Ida Brown, 
Malden; Mr. Charles Bowman, Mr. Frank E. Smith, Andover; Mrs. John 
Mayo, Miss Hopkins, Bridgewater; Mrs. G. A. Stacy, Marlboro; Mrs. C. F. 
Knowlton, Mr. Peter J. Cannon, Clinton; Mrs. W. E. Maybury, Mrs. E. H. 
Capen, Capt. P. A. Mock, Capt. A. S. Smith, Braintree; Mrs. J. W. Blackmer 
and Mr. Robert Robertson, Beverly; Master Neddie Eldredge, Onset; Mrs. 
F. F. Moore, Hawthorne, N. Y.; Mrs. F. B. Wilkins, Milford, N. H.; Mrs. 
L. G. Wilber, Brockton, Mass.; Mr. F. B. Wilkins, Woonsocket, R.1I.; Miss 
Moye, East Providence, R. I. — 34. 


The Secretary read applications for membership, duly approved, 
from Edmund J. Lonergan, Malden, Mass.; Frank O. Sinclair, 
Burlington, Vt.; Edgar F. Smith, New York, N. Y.; George H. 
Hazlehurst, Wilmington, N.C.; and P. A. Shaw, Lancaster, Pa. 

The Secretary was empowered to cast the ballot of the Asso- 
ciation in favor of the candidates, and, he having done so, they 
were declared by the President duly elected members of the 
Association. 
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EXECUTIVE COMMITTEE. 


Meeting of the Executive Committee of the New England 
Water Works Association at headquarters, Boston, Mass., Wednes- 
day, February 12, 1913. 

Present: President J. Waldo Smith, and members M. F. Hicks, 
G. A. Stacy, J. L. Tighe, J. W. Blackmer, L. M. Bancroft, R. K. 
Hale, G. A. King, and Willard Kent. 

Application of Mr. M. 8. Fuller, trustee Kennebec Water 
District, Waterville, Me., was received and recommended for 
membership. 

Communication was received from Mr. M. N. Baker, chairman 
of the Committee to look after and keep track of legislation arid 
other matters pertaining to the Conservation, Development and 
Utilization of the Natural Resources of the Country. 

It was voted that the Executive Committee recommends that 
the Association take the action suggested by Mr. Baker. 

Communication was also received from Mr. C. E. Davis, 
inviting the Association to hold its convention at Philadelphia, 
Pa., and it was unanimously voted that the next annual convention 
be held in Philadelphia on the 10th, 11th and 12th of September 
next, and that the President be and is hereby authorized to 
appoint a committee of arrangements. 

_Discussion was had in reference to the June outing and .a 
committee consisting of W. E. Maybury, J. W. Blackmer, and 
C. W. Sherman was appointed to investigate and report, with 
recommendations, at the March meeting. _ 

The President was by vote authorized to deputize, at bis dis- 
cretion, both the first and second Vice-Presidents to approve bills 
and countersign checks on occasions of his absence. 

It was voted that no meeting of the Association be held in April 
of the present year. 

Adjourned. 

Kent, Secretary. 
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Meeting of the Executive Committee of the New England 
Water Works Association at headquarters, Boston, Mass., March 
12, 1913. 

Present: President J. Waldo Smith, and members F. A. Me- 
Innes, Leonard Metcalf, W. F. Sullivan, G. A. Stacy, J. L. Tighe, 
J. W. Blackmer, L. M. Bancroft, G. A. King, and Willard Kent. 

Ten applications were received and recommended for member- 
ship, namely: 

For membership: Joseph E. Conley, superintendent Sewer and 
Water Department, Norwood, Mass.; Robert C. Sweetser, 
instructor Worcester Polytechnic Institute, Worcester, Mass.; 
P. J. Kelley, director Public Works, Salem, Mass.; James A. 
MeMurry, engineer water service, Public Works Department, 
Boston, Mass.; Willard M. Gooding, acting superintendent Water 
Company, Berlin, N. H.; Frank Mossburg, water commissioner, 
Attleboro, Mass.; W. R. Edwards, superintendent Meter De- 
partment, Passaic Water Company, Paterson, N. J.; Thaddeus 
Merriman, assistant to chief engineer, Board of Water Supply, 
New York, N. Y.; Richard H. Gould, sanitary engineer, Pough- 
keepsie, N. Y., J. Stewart Buzby, inspecting engineer, Moores- 
town, N. J. — 10. 

One member was reinstated. 

The President and Secretary were added to the committee on the 
June meeting, and said committee was authorized to fix the date 
and place and complete all arrangements therefor. 


Adjourned. 
Witiarp Kent, Secretary. 


Meeting of the Executive Committee of the New England 
Water Works Association on board steamer King Philip en route 
to Beverly, Mass., Wednesday, June 11, 1913. 

Present: President J. Waldo Smith, and members George A. 
Stacy, James W. Blackmer, Willard Kent, Lewis M. Bancroft, 
Richard K. Hale, and George A. King. 
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Five applications for membership were received and recom- 
mended for admission, namely, Edmund J. Lonergan, Malden, 
Mass.; Frank O. Sinclair, Burlington, Vt.; Edgar F. Smith, New 
York, N. Y.; George H. Hazlehurst, Wilmington, N. C.; and 
P. A. Shaw, Lancaster, Pa. 

Adjourned. 


WILLARD Kent, Secretary. 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches | 


CROWN 
EMPIRE 
NASH 
GEM 
PREMIER 


With the only reliable straight- 
reading register in the market 


National Meter Company 


84-86 CHAMBERS STREET 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG LOS ANGELES 


159 Franklin St. 1223 Wabash Ave. 4 Smithfield St. 411So0. Main St. 
CINCINNATI SAN FRANCISCO 


10 West Third St. 681 Market St. 
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ADVERTISEMENTS. 


GAS ENGINE and 
TRIPLEX PUMP 


Town and Village Water 
Works ¥ ¥ ¥ and Pump 
ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
84-86 CHAMBERS STREET, NEW YORK 


BOSTON: 159 Franklin Street CHICAGO: 1223 Wabash Ave. 
PITTSBURG: 4 Smithfield Street SAN FRANCISCO: 681 Market Street 
CINCINNATI: 10 West Third Street LOS ANGELES: 411 South Main Street 
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ADVERTISEMENTS. 


STOP WHOLESALE LOSS 


USE THE HERSEY DETECTOR-METER 


On Fire and Manufacturing Services 
THIS IS THE ONLY METER 


Endorsed by Water Departments and 
Underwriters. 
Because it registers all large flows. 
Because it registers all small flows. 
Because it does not obstruct the flow. 


HERSEY MFG. COMPANY. 
Main Office and Works: South Boston, Mass. 


BOSTON, MASS., 714 Tremont Temple. COLUMBUS, O., 211 Schultz Bldg. 

PHILADELPHIA, 1411 Morris Bldg. BUFFALO, N. Y., 806 White Bldy. 

CHICAGO, ILL., 118 No. La Salle St. ATLANTA, GA., 3d Nat. Bank Bldg. 
NEW YORK CITY, 174 Falton St. ; 


500,000 SOLD 


ADVERTISEMENTS. 


ACCURACY, LONG LIFE, 
Avoidance of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


“ LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT” meter. 
Where ** LAMBERT” meters are selected, success is assured. 


THOMSON METER CO. = 
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Assembling Simplicity of Trident Construction 
The above cut showsa Trident-Disk Meter dismantled and the extreme ease with which it can be 
assembled, by first putting in the gear train, then the disk-chamber, the frost bottom next, then the 


register and register box and the meter is complete. The Trident combination wrench is the only 
tool necessary to use. 


NEPTUNE METER COMPANY 


90 WEST STREET NEW YORK 


CHICAGO, BOSTON, SANFRANCISCO, 
ATLANTA, LOSANGELES, PORTLAND, SEATTLE 
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KEYSTONE”’ 


Keystone and Eureka 
WATER METERS 


are made better than actual service seems to 
require,—for accuracy of registration, dura- 
bility, and low cost of maintenance. 

Our unexcelled facilities insure prompt 
shipment of large as well as small orders. 
Try us. | 


Pittsburgh Meter Company 


Also manufacturers of Cast-Iron and Tin Gas Meters; Positive 
and Proportional Gas Meters for any pressure; and Meter Provers. 


General Office and Works: East Pittsburgh, Pa. 


New York Chicago Kansas City Columbia, S. C. 
149 Broadway 337 W. Madison St. 6 W.10th St. 1280 Washington St. 


Seattle 
115 Prefontaine Place 


““EUREKA”’ 
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WORTHINGTON METERS 


The Worthington Duplex Piston 
Meter is particularly adapted to large 
and heavy water works services. 


The Worthington Disc Meter 

combines minimum weight with re- 

liability on constant service and 
accuracy of registration. 


The Worthington Turbine Meter 
is designed primarily to handle large volumes of 
water with minimum loss of pressure. 


Full descriptions of the different types of Worthington Meters, with tables of 
sizes and capacities, are given in Bulletin W184-54. 


YRTHINGTON. 


New York Office “4 15 Broadway 


Boston Office: 463 John Hancock Building 
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PORTABLE . 
TESTING METERS 


quickly pay for themselves by 
showing loss of registration 
in old, worn meters. Every 
water works should have 
one of them. 

Our meters for general 
service are also built with 
care and precision. 


Write us. 


UFFALO.METER CO. 
~290 TERRACE 


BUFFALO, N.Y. 


“ESTABLISHED 1892 


Distributers for New England 
GEO. E. GILCHRIST CO. 
106 HIGH STREET 
BOSTON, MASS. 
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UNION ROTARY, COLUMBIA, DISC 
and NILO (velociy) WATER METERS 


Water Pressure Regulators 
Waste Stops and Corporations 


UNION WATER METER COMPANY 


WORCESTER, MASSACHUSETTS 


STOP THE UNDERGROUND WASTE OF WATER! 


It is now known that UNDERGROUND leakage may be enormous. The 
PITOMETER is the most efficient Waste Meter known. Adopted by New York 
City, Washington, D. C., Chicago, St. Louis, Indianapolis, Pittsburgh, Memphis, etc. 


PRISM 

PHOTO RECORDERS 
MANUAL RECORDERS 
PUMP SLIP INDICATORS 
STREET CONNECTIONS 


The City of Washington, 
D. C., has found and 
stopped underground 
leakage amounting to 
over 30,000,000 gallons 
daily with our Pitom- 
eter. A saving worth 


The Pitometer is port- 
able and will accurately 
indicate or record the 
flow of water in a pipe of 
any size, under any 
pressure, without cut- 
ting the main. Only a 
one-inch tap is needed. 


We make water waste 
surveys for cities, or we 
sell or rent our instru- 
ments and help you to ° 
organize a Pitometer 
department of your own. 


Write for 


$5,000,000 to the city. | Information 


THE PITOMETER COMPANY, 220 Broadway, New York 
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GLOBE SPECIALS 
FOR WATER WORKS 


All common sizes of 
GLOBE SPECIALS in stock 
ready for immediate shipment. 


ALSO 


Chadbourne and Stacy 
Service Boxes 


Builders Iron F oundry 


Established 1820 Incorporated 1853 


PROVIDENCE, RHODE ISLAND 
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THIS IS THE FAMOUS 


WILLIAM R. CONARD 
BLACK SQUADRON Assoc. Mem. Amer. Soc. M. E. 


Assoc. Amer. Soc. C. E. 
METALLIC 


322 High St., Burlington, N. J. 
PACKING Inspections and Tests of Materials 


SOUTHERN OFFICE 


Maison Blanche Bldg., New Orleans, La. 
R. C. HUSTON, C.E., Special Representative 


| 
AWN | Fred A. Houdlette & Son, Inc. 
That is used exclusively in so many of the | CAST-IRON WATER PIPE 

| 


largest and most up-to-date water-works 
pumping stations throughout the world. Flanged Pipe and Fittings 

Send for free samples of high-pressure, Structural Steel and Wrought-Iron Work 
low-pressure and semi-metallic. Also send | Cast-Iron Manhole Frames and Covers 


for sample of Cancos Metal Polish. 
| Oftice, 93 Broad Street Boston, Mass. 


CANCOS MANUFACTURING CO. — Yard and Warehouse, Medford, Mass. 


Geo. M. CosTELLo, PREST. 
PHILADELPHIA, PA. | 
Branch Office: 102 HIGH STREET, BOSTON, MASS. | 


Dixon’s Waterproof 


|GRAPHITE GREASE 


For the lubrication of hydrants, gates, etc. 


=m Should Use | Send for free sample 
CLARK METER JOSEPH DIXON CRUCIBLE CO. 
BOXES ” | JERSEY CITY, N. J. 
 “TEKSAGON” METER 
COUPLINGS . 
AND OTHER WATER WORKS AP- | 
PLIANCES OF OURMANUFACTURE. Kirkpatrick 8. P. Gates 
; They Save Money | Established 1878 
H. W. CLARK CO. 
10 So. 17th St., Mattoon, Ill., U.S.A. | B. F. SMITH & CO. 


| Artesian and’ Driven Wells, Foundation Borings 
| Engineers and Contractors for Muni- 

cipal and Private Water Works 
First National Bank Building 
60 Federal Street Boston, Mass. 
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Payne’s “NEW ECLIPSE” 
Tapping Machines 


Do the best work, because they have 


Few Working Parts 
Compact 

Simple in Construction 
Light in Weight 


We can prove these facts by sending a 
machine to you on thirty days’ trial. 


Long Main-End Corporation Cocks can be used 


Makers of 


High-Grade Water 
Works Brass Goods 


to suit every requirement 


x08 
40 MBIA TWHOILIIS 


Experience of hundreds of water companies has proven that 
original “ HAYS-ERIE” SERVICE BOXES give the 
best satisfaction 


Ask for Samples and Prices 


Hays Manufacturing Co. Erie, Penna. 


Xiii 
ta 
4 
(4 
my x, 
©. 
: 
= 
at 
coves 3 | 
| 
$ 
; 


ADVERTISEMENTS. 


Friends That 
Never Fail You 


MUELLER UNCONDITIONALLY GUARANTEED WATER 
WORKS GOODS are friends that every user appreciates — 
they are friends that never fail you. 


Their record is one of enduring and satisfactory service. 


We would be pleased to quote you on tapping mathines, 
corporation cocks (regular or lead flange), goose necks 
(wipe joint or lead flange), curb cocks, any pattern, branch 
connections, water meter testers, tools, orin fact any- 
thing in the water-works line. 


TRADE MARK 


MUELLER 


REGISTERED 


H. MUELLER MFC. CO. 


Works and General Offices ; Eastern Division 
DECATUR, ILL., U. S. A. NEW YORK, N.Y.,U.S.A. 
West Cerro Gordo St. 254 Canal St., Cor. Lafayette 
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We make Pressure Regulating Valves 
| WATER for all purposes, steam or water. 


Our Feed-Water Filter will keep oil 


out of your boiler. 
We can interest you if you use a condenser, 


Water Engines for Pumping Organs Vite 
THE Ross VALVE MFG. Co. ee 


or parlor organs. 
TROY, N. Y. 


NORWOOD ENGINEERING CO. 
FLORENCE, MASS. 


“IMPROVED” WALKER FIRE HYDRANTS 


aso tHe OLD RELIABLE LICENSED MANUFACTURERS OF 


“Holyoke” Gate Hydrant The Vivian Rate Controller 


WRITE FOR CIRCULARS 


CAST IRON 
FOR WATER AND GAS 
CHAS. MILLAR @ SON CO., Selling Agents 
Main Office, Utica, N. Y. 
Branch Office 2 - ° 176 Federal St., Boston, Mass. 


They set the Pace 


ASHTON POP VALVES 
and... STEAM GAGES 


Superior in Quality of material and workman- 
ship, and with greatest efficiency and durability, No. 74. Recording and 
they challenge comparison with any others on Indicating Gage. 
the market. Senda trial order subject to ap- 

proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


The ASHTON VALVE CO., 271 Franklin Street, BOSTON, MASS. 


S.D. M. Je 
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ADVERTISEMENTS. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS . 
puMPINe ENGINES Cast Iron P 


CUTTING-IN 


Connections economicaliy and 

ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


‘Reduced Specials” 


Cost of fittings reduced from 25% 
to 50%. Full strength. bells. 
Convenient to handle. Sold by 


the piece. 


Mathews 
Fire Hydrants 


A half century of use has established (i:ir reputation as 
being the most economical, durable and simple hydrant. 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO. STANDARD 


DOUBLE DISK 
ANTI-FRICTION 
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ADVERTISEMENTS. 


© LUDLOW VALVE MFG. CO: 


MANUFACTURERS OF 


VALVES and FIRE HYDRANTS 


This hydrant is anti- freezing, because 
when the drainage is good no water is left 
in it to freeze. 


The drip is directly in the bottom of the 
hydrant and drains perfectly. It is protected 
by its valve, which never leaves its socket 
and cannot be clogged. 


DOUBLE AND FIRE 


SINGLE GATE 
VALVES, & HYDRANTS. 


ALSO CHECK 


VALVES, YARD, WASH, 
4 AND FLUSH 


FOOT 3 
VALVES. oy HYDRANTS. 


SEND FOR CIRCULARS. 
OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


8. D. M. J. 


STANDARD GAST IRON PIPE & FOUNDRY GO. 


BRISTOL, PA. 
CAST IRON PIPE AND SPECIAL CASTINGS 


GENERAL FOUNDRY AND MACHINE WORK 


PLANT LOCATED ON DELAWARE RIVER 


Most Modern and Best Equipped Shipments made Either 
Cast Iron Pipe Plant in America by Water or Rail 
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ADVERTISEMENTS. 


THE CHAPMAN 


Valve Manufacturing Co. 


HOUSES | 


General Office and 
Works ¥ ¥ ¥ ¥ ¥ BOSTON, MASS. 


141 High St. 


Indian Orchard NEW YORK CITY 


Massachusetts 138 Center St. 


PHILADELPHIA 
1011 Filbert St. 


CHICAGO 
14-16 No. Franklin St. 


PITTSBURG 

Ed. M. Moore & Co. 
( 914 Farmers Bank Bldg. 
ST. LOUIS, MO. 


Middagh-Collins Co. 
8th St. and Vlark Ave. 


SAN FRAN., CAL. 
Cc. C. Moore & Co. 


BUFFALO, N. Y. 
W. A. Case ® Sons Mfg. Co. 


BIRMINGHAM, ALA. 
438 Brown-Marx Bldg. 


Valves Gates | oexver. core. 


M. J. O’Fallon Supply Co. 


Manufacturers of 


for all purposes Also 


Gate Fire hydrants \ 


SYRACUSE, N. Y. 
309 OCS Bank Bldg. a 
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ADVERTISEMENTS. 


The “COREY” ali, 
FIRE HYDRANT 


MODERN 


SUCCESSFUL SU PERIOR 


5 SIMPLE 
DURABLE 


RENSSELAER VALVES 
WATER, STEAM, Gas, ETc. 


ELECTRICALLY OPERATED VALVES 
Check Valves Air Valves Jims 
Indicator Posts Valve Boxes = 


= RENSSELAER VALVE CO,, Troy, N. Y. 


NEW YORK, 180 Broadway PITTSBURG, 1102 House Bldg. 
CHICAGO, 1108-9 Monadnock Block 


Foundry Machine (0, ws 


Works at Phillipsburg, New Fersey. sum 
Sales Office, 111 Broadway, New York. 


Cast Iron Water 
and Gas 


PIPE 


——ALsSo —_— 


From 3 to 60 inches 
in diameter. 


ALL SIZES OF FLANGED PIPE 
SPECIAL CASTINGS. 
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ADVERTISEMENTS. 


GRAVITY ano PRESSURE 


FILTERS 


THE New YORK GONTINENTAL JEWELL FILTRATION Co. 


15 BROAD STREET ' NEW YORK 
167 DEARBORN STREET CHICAGO 


OWNERS OF THE NEGATIVE HEAD FILTER PATENT 


PITTSBURGH FILTER MFG. CO. 
NORWOOD ENGINEERING CO. 
ROBERTS FILTER MFG. CO. 


ENOUGH WATER? 


If not, it is probably because of lack of carrying capacity of 
your mains. Consult us. 


Illustrated booklet upon request 


NATIONAL WATER MAIN CLEANING CO. 
61 Park Row New York City 


Licensees 
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ADVERTISEMENTS. 


EASTERN OFFICE: 
220 BROADWAY 
NEW YORK CITY 


WESTERN OFFICE : 
MONADNOCK BLOG. 
CHICAGO, ILL. 


FOR WATER AND CAS 


McWane Pine Works 


MAIN OFFICE: LYNCHBURC, VA. 


FOUNDRIES: 
LYNCHBURG, VA. 


RADFORD, VA. 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 
we OF ... 


PIPE 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 


Manhole Heads and Covers, etc. 
GEORGE ORMROD, 
J.G.EBERLEIN, EMAUS, 
JOHN D. ORMROD, 


Vice-President and Supeziatendest, LEHIGH COUNTY, PA 
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xxii ADVERTISEMENTS. 


CAST IRON PIPE 


ALL REGULAR SIZEs, 3 INCHES TO 84 INCHES 


For WATER, GAS, SEWERS, DRAINS, Etc. 


SEND FOR STANDARD SPECIFICATIONS 


RAILROAD AND TURNPIKE CULVERTS 
FLANGE PIPE AND FLANGE FITTINGS 


HEAVY CASTINGS 


AND THOSE MADE FROM ORIGINAL DESIGNS 


United States Cast Iron Pipe and Foundry Company 
SALES OFFICES 


71 Broadway, New York City. 

1421 Chestnut Street, Philadelphia, Pa. 

Henry W. Oliver Building, Pittsburgh, Pa. 

122 South Michigan Boulevard, Chicago, II. 

520 Security Building, St. Louis, Mo. 

Chamberlain Building, Chattanooga, Tenn. 
Monadnock Building, San Francisco, Cal. 


ADVERTISEMENTS. 


THE A. P, SMITH MANUFACTURING CO, 


EAST ORANGE, N. J. 
Manufacturers of = 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 
Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


JOHN FOX NICHOLAS ENGEL 


JOHN FOX @ CO. 

| CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield —— Mass. 
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ADVERTISEMENTS. 


Chadwick-Boston Lead Co. 


162 Congress St., Boston 


Agents for 


The Celebrated ‘“‘ULCO”’ 


LEAD WOOL 


(Every Atom Pure Lead) 


For calking pipe joints under the most 
difficult conditions. 


For overhead joints, or in wet places 
where the use of molten lead is not only 
impracticable, but dangerous — LEAD 
WOOL may be employed to advantage. 
It makes perfectly tight joints to withstand 
the highest pressures, yet sufficiently elastic 
to admit of considerable sagging or settling 
of the pipe without causing the joint to 
leak. The difference in this respect, as 
compared with the poured joint, is notable. 


NO FIRE — NO DANGER — NO TROUBLE. 


Lead Pipe, Tin Lined Lead Pipe 
Pure Block Tin Pipe, Solder 
Pig Lead, White Lead 
and Red Lead 
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ADVERTISEMENTS. 


from (ermany 


Came over without paying duty, too! 
But it had a big duty to perform, so, to avoid the Import Tax, it came in the 
form of a formula— D. 2. Dampf-Kessel-Mischung is what the Germans calle 
it. Translated into boiler talk this means 


*"Raus Mit ’Em—Scale 


And that it does “’Raus Mit ’Em” is proved by the fact that in Germany 
and Europe eleven large factories are taxed to their full capacity in supplying 
the enormous demand. 


Perolin German Boiler Compound 


was first introduced in this country two years ago. During this short period 
it certainly has lived up to its home reputation, for the names of over 4,000 
customers are on our books to- 


Est. E. D. Jordan ‘ay, and they use Perolin exclu- MeL ane Mfg. Co. 


Jordan Bldg., Boston ively. Milford, N. H. 
EAGLE OIL And in each instance Perolin EAGLE OIL 
& SUPPLY CO. went in “on trial,” without re- & SUPPLY CO. 


I will cheerfully show questing a “Jug of Feed Water” Gentlemen: 
any skeptic, as I was at ora‘‘Sample of Scale forChem- We have been usi 


first, that Perolin does : . your boiler compoun 
the work —I shall con- ical Analysis,” for the source of for three ple i and 
tinue to use it and findit YOur water supply and the char- find it will remove scale, 


cheaper than sal soda. acter of scale it deposits are and we do not observe 
Chief Engineer merely incidental. any injury to boiler. 
Jordan Bldg., Boston ferolin will increase the effi- McLane Mfg. Co. 
ciency of your plant and lessen 

the labor of the fireman, by solving the scale problem at a lower cost than 
any other known method. 

Write for a copy of ‘It Doesn’t Affect the Water,” which tells all about our 
proposition and the guarantee that we insist upon making. 


EAGLE OIL @ SUPPLY CoO. BOSTON, MASS. 


SPECIALTY DEPARTMENT 
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ADVERTISEMENTS. 


Twelve Reasons Why 
YOU SHOULD USE 


Registered U. S. Patent Office 
FOR 


J ointing Water Mains 


DURABILITY. Leadite joints increase in strength with age. 

NO CAULKING. Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

COMPARATIVE QUANTITIES. One ton of Leadite is 
equivalent to four tons of lead. 

LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost of trench pumping to 
the minimum. 

COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

TOOLS. As no caulking is required, fewer tools are needed. 

TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

FUEL. Saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

DELIVERY. We can make prompt shipments. 

DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are prevented because Leadite joints will not blow 
out under any pressure. 

USERS. Progressive water works all over the country use 
Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 
LAND TITLE BUILDING PHILADELPHIA 
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ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 


FILTERS AND WATER SOFTENING PLANTS. 
New York Continental Jewell Filtration Co.... . 
Norwool Engineering Co.. . 

Ross Valve M’f’gCo.... 


FURNACES, ETC. 
H. wg Mfg. Co. 
The A. P. Smith M’f'g Co. 
The Leadite Co. . 


GAS ENGINES. 
National 


GATES, VALVES, AND HYDRANTS. 
Ashton Valve Co ° 
Chapman Valve M’f’g Co. 
Eddy Valve 
John Fox & C 
Ludlow Valve Co. 
Norwood Engineering Co. 
Rensselaer Valve Co.. .. 
Ross Valve M’f’g Co. 
R. D. Wood & Co... 


INSPECTION OF MATERIALS. 
Wm. BR. Conard... 


LEAD AND PIPE. 
Chadwick-Boston Lead Co. . . 
Lead Lined Iron Pipe Co..... 
LEADITE. 
The Leadite Co. . mer 
(Index continued on page xxiz.) 


SLUICE GATES, CHECK VALVES, AIR VALVES, 
INDICATOR POSTS, ETC. 


EDDY 


GATE FIRE 
VALVES HYDRANTS 


Hydraulically and electrically operated valves 
and sluice gates Valves designed 
for all kinds of service. 


EDDY VALVE COMPANY 
Waterford, N. Y. 


NEW YORK CHICAGO BOSTON SAN FRANCISCO PHILADELPHIA 
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XXViii ADVERTISEMENTS. 


The 


Design and Construction 
of 


Water-Works Systems 


and Novel Features in their 
Management are given 
careful attention by 


THE 
Engineering Record 


It also gives prominence to the 
following departments of a 
Water-Works System: 


DAMS PIPE SYSTEMS 
AQUEDUCTS WATER TOWERS 
PUMPING STATIONS FILTERS 


SAMPLE COPIES FREE 
Subscription Price, $3.00 a Year 


ENGINEERING RECORD 


239 WEST 39TH STREET NEW YORK 
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ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Concluded), 


METERS. 

Buffalo MeterCo. .... 
Builders Iron Foundry 
Hersey M’f’g Co... . 
National Meter Co.. . 
Neptune Meter Co... 
Pittsburg Meter Co. . 
Thomson Meter Co.. 
Union Water Meter Co. 
Henry R. Worthington 


METER BOXES. 
W. Clark Co..... 
Hersey M’f’g Co.. ... 


OIL, GREASE, ETC. 
Jos. Dixon Crucible Co. .. 
Eagle Oil and Supply Co.. 


PACKING. 


Cancos M’f’g Co Pe 
Eagle Oil ani Supply Co. » 


PAINT. 
Eagle Oil and Supply Co.. 


PIPE JOINTS. 
The Leadite Co.......-. 


PRESSURE REGULATORS. 
H. Mneller Mfg. Co........ 
Ross Valve M’f'g Co. ......- 
Union Water MeterCo....... 


PUMPS AND PUMPING ENGINES. 
Builders Iron 
National Meter Co... . eee eee 
R. D. Wood & Co. .. 


TAPPING MACHINES. 
H. Mueller Mfg. Co. . 
The A. P. Smith Mfg Go. 


TOOLS AND SUPPLIES. 
= Mueller Mfg. Co. ... 
W. Clark Co. one 
The A. P. Smith M’ tg Co. . 
The Leadite Co. .....- 


Patronize the 
Advertisers 
in the 
JOURNAL 
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“The Journal the Hew Water Works Association 


: isa quarterly publication, containing the papers read at the meetings, to- 
gether with verbatim reports of the discussions. Many of the contribu- 
tions are from writers of the highest standing in their profession. It 
_. affords a convenient medium for the interchange of information and experl- 
ence between the mémbers, who are so widely separated as to find frequent 
_ Meetings an impossibility. Its success has more than met the expectation 
of Its projectors; there isa large and increasing demand for its issues, and 
- every addition to its subscription lst is a material aid in extending Its field 
of usefulness. ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 
IN PART RETURN FOR THZIR ANNUAL to. all others the subscription 
45452 


ADVERTISERS 


HE attention of parties dealing in goods used by Water Departments is 
called tu the JOURNAL OF THE NEW ENGLAND Water WorKs Asso- 


CIATION as an advertising medium. 


Its subscribers include the principal Water Works ENGINEERS and 


ConrRactors. in the United The paid circulation is over 800 


COPIES. 


1 Being filled with original. matter ‘of | the greatest interest te Water 
9 Works officials, it is PRESERVED and constantly REFERRED TO BY 
THEM, and advertisers are thus: more REACH BUYERS than 


ee by: any other means.. 


ys The: JOURNAL is not published as a means ‘of revenue, advertisements 
being vey meet. thes expense of publication. 


One-half page, one year, four insertions. . Forty Dollars. 


<Qne-fourth page, one year, four insertions: : ‘Twenty-five Dollars, 
One-twelfth page (card), one year, four insertions. Ten Dollars. 
One page; single insertion Thirty Dollars, 
Qne-half page, single insertion © ».. Bwenty Dollars. 
Fifteen Dollars, 
Size of page, 7§ x 47 net, 
sample bopy Will be. sons om appljoation. 
<7 GEORGE A. KING, 
Agent, 
TAUNTON, 
MASS. 


Or, RICHARD K. HALE, 
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